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Preface 


In the spring of 1979 the National Research Council (NRC) 
Committee (later Board) on Radioactive Waste Management 
(BRWM) had the opportunity to comment on a presentation 
by a U.S. Department of Energy (DOE) contractor on a 
proposed study of nontechnical criteria for siting 
geologic repositories for high-level nuclear wastes. As 
a result of its consideration and ensuing discussions 
with DOE staff, the BRWM elected to submit a proposal to 
DOE for an assessment of what is known about these 
important criteria. The proposal was favorably received, 
and a DOE contract was awarded for a study of the social 
and economic aspects of radioactive waste disposal. 
Specifics on the panel mandate appear in Chapter 1 of 
this report. 

The panel established under the aegis of the BRWM held 
the first of its nine meetings in March 1980 under the 
chairmanship of Angus Campbell. Following Dr. Campbell's 
untimely death in December 1980, Roger Kasperson accepted 
the responsibilities of chairman. 

The panel benefited from briefings by members of the 
DOE technical staff and the Department's contractors and 
from the staff of the Oak Ridge and Sandia National 
Laboratories with particular attention to radioactive 
waste transportation. Additional helpful briefings and 
information were provided by representatives of the Mitre 
Corporation, the Office of Technology Assessment, and 
others. 

. In an effort to obtain a broad range of reactions from 
interested public sectors on the scope and methods of its 
study, the panel solicited views from almost a thousand 
individuals and organizations that had demonstrated 
previous interest in government activities involving 
radioactive waste management. Slightly less than 10 
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percent of those solicited responded. The panel also 
devoted a substantial portion of one of its meetings to a 
wide-ranging open discussion of its approach to its study 
with four representatives of environmental organizations 
selected by the panel. 

In addition to providing counsel throughout the study, 
members of the BRWM conducted a formal review of the 
panel's report, as did selected members of the parent 
Commission on Physical Sciences, Mathematics, and 
Resources. A. Henry Schilling of the Battelle Human 
Affairs Research Centers provided a critical review of 
the treatment of institutional issues in Chapter 5. 

The panel thanks Gary Downey, who worked with them as 
a National Research Council Fellow. 

The project's first staff officer was Susan Stuen 
Downey. After her resignation from the National Research 
Council staff late in 1981, John Sieg served as staff 
officer until early 1983, when the Staff Director of the 
BRWM, Peter Myers, added the role of staff officer to his 
duties and saw the project through to completion. The 
study secretaries were, initially, Dee Cooper and, later, 
Betty King. 
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Summary 


3ith S hiah e ^f C T institut i°"al issues associated 
andcLi 9 ! 1 1 radloactlve waste management are complex 

allocation"^" 9 ' WaSte management decisions involve P the 

regions of th » >**" “ d benefits to Afferent 

different , ?° untry ' to different generations, and to 
different social groups. Many of these decisions are 

Radiative Waste Management. The request was made and 
the panel responded in the framework of the policy V 

lifetitt P h able a f ° r thS ultlmate disposition of very-long- 
lifetime hazardous nuclear wastes. Selecting sites for 

sytttm 1 thtf P t SXt ° rieS a " d deploying a nuclear waste 
system that transports and manages those wastes must he 
accomplished with sensitivitv to th^ „ , must be 

issues involved. Y ° the complex socioeconomic 

The study mandate called for the identification of 
magor socioeconomic considerations in the location 

cons truction/ and operat . on Qf a 

these considered *" asaessment of «bat is known about 
ese considerations, the extent of the data base 
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associated with them, and the applicability of: what is 
known to the repository siting process; and finally, 
suggestion of an approach or approaches fo ^,^° r ^ ection 
socioeconomic considerations into the reposiJ rab i lit y 
nrncess The panel took no position on the desirabili y 
or merit of permanent isolation in a geologic repository 
as the ultimate disposition of high-level radioactive 

WaS fn"conducting its work, however, the panel did expand 

focus on repositories. The panel paid particular 
tion to the etiology of public concern over nuclear 
wastes, to above-ground effects (especially on cost an 
equity) of different repository site locations, an 

for channeling public concerns (including those of 
Ttates and local coLunities, into effective participation 

in The^pane^found" an incomplete and inadequate body of_ 
,,,, science knowledge available to guide the formula 
tion and implementation of an effective radioactive waste 
management system. The basis for 

effects of comparable progects only £ 

because of the underdeveloped state of the “ 

methodology of social impact assessment, limited 

i rpciparch proqram enacted to date, ana tne 

difficulty of comparing the radioactive waste management 
nrnoram to other large-scale industrial progects. The 
panel explicitly rejected the idea that S °° 10 

economic criteria could be developed at this time 
supplement physical science and engineering or iter 

workable radioactive waste management stra gy. 

the panel believes that the current state of knowledge 

precludes identification of a satisfactory means for 

integrating socioeconomic criteria into^'be^he^esult 
making and also that such decisions should be the resui 
of a participatory process. The panel, however, views 
its work on this study as contributing to such goals. 
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In 1982, Congress enacted the Nuclear Waste Policy Act 
(NWPA), which outlined a comprehensive strategy for 
permanent disposal of commercial nuclear power wastes. 
Throughout the complex debate that led to this legisla¬ 
tion, two issues—technical feasibility and public 
acceptance—were of paramount importance. This report 
examines the social science knowledge base appropriate to 
the latter issue, though it also addresses many technical, 
logistical, and institutional questions that fall between 
feasibility and acceptance. This analysis is intended to 
illuminate those key issues facing the DOE and other 
agencies responsible for the implementation of the NWPA. 

The panel's limited resources prevented it from 
analyzing comprehensively the broad set of socioeconomic 
considerations that it identified. It examined, for 
example, only one scenario for nuclear power's future (a 
scale equal to the plants that are in existence or under 
construction) in terms of a few of the many radioactive 
waste management alternatives under consideration. The 
panel chose to allocate primary attention to spent-fuel 
management, leaving aside the implications of nuclear 
fuel reprocessing for waste generation, shipment, and 
social impact. The panel excluded consideration of 
commercially generated low-level nuclear wastes, and it 
has not addressed questions directly relevant to the 
management of defense wastes, except to note those 
experiences that offer lessons. The results of this 
effort are most properly viewed as suggestive of research 
that can be performed and as indicative of major gaps 
that need to be filled. 


APPROACH OF THIS STUDY 

The study panel found that there are several conceptions 
of the term "socioeconomic." At one extreme is the 
narrow view that the term should be limited essentially 
to measurable changes in employment, housing, and demo¬ 
graphic characteristics that would be caused by a new 
facility. At the other extreme is the broad view that 
socioeconomic should refer to virtually any nontechnical 
effect, whether psychological, political, or behavioral. 
Clearly all the effects of a given facility cannot be 
reasonably anticipated or accounted for in the short 
run. While the narrow conception of the term socioeco¬ 
nomic has the advantages of simplicity and ease of 
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measurement, its use may be greatly misleading to the 
decision maker. 

Site selection is a political as well as social issue, 
involving complex value judgments and a wide range of 
poorly understood "effects." Both the state of the art 
of social impact theory and the complex nature of nuclear 
waste repository siting argue, in the panel's view, for 
adopting a wide view of the term. Even though methods 
for measuring and comparing many kinds of effects are not 
yet fully developed, the panel concluded that both 
methodological and political realities require us to go 
beyond the relatively narrow definition usually employed 
in environmental impact statements. 

Efforts to identify criteria for making decisions are 
founded on the assumption that there is an adequate body 
of knowledge that can be used to link particular programs 
with particular results. Where such a body of knowledge 
is available, choices can be made among options based on 
an assessment of beneficial or harmful effects. If socio¬ 
economic criteria are to be used in selecting repository 
sites, however, two conditions must be met: 

1. The effects likely to result from choosing one or 
another option must be specified, in regard both to an 
individual repository and to the progressive deployment 
of an entire waste management system. This suggests that 
effects caused by the waste management operations for a 
U.S. nuclear energy system involving at least twice the 
currently licensed 75 nuclear power plants must be 
assessed. In addition, there are effects from the waste 
generated by the military program. 

2. The social values relevant to the concerns and 
goals of different social groups, particularly as they 
bear on the socioeconomic effects experience, must be 
specified. In other words, the social values (e.g., 
equity, quality of life) should be described in ways that 
allow the public to judge the degree to which the waste 
program realizes or fails to realize them. 

Both of these analytical elements should be addressed. 
However, when the panel took up its work it discovered 
that only limited progress had been made in the first and 
little or no progress in the second area. Although a 
data base of useful studies and surveys has been emerging, 
little systematic work has been done in integrating the 
results or assessing their relevance to policy choices in 
a radioactive waste management system. Experiential 
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information on the socioeconomic effects of a high-level 
waste repository is not available because no such facility 
has been established in the United States. Instead, 
assessment must draw on the siting of other nuclear fuel 
cycle facilities, highways, and noxious functions (e.g., 
drug treatment centers, prisons, hazardous waste disposal 
sites) and interpret this experience in light of possible 
relevance to nuclear waste facilities. Further, there 
has been little attempt to specify the conditions that 
would signal the attainment of various social or economic 
outcomes. 

The panel believes that further research is required 
for sound estimates of the social, economic, and political 
consequences of locating and operating a nuclear waste 
repository at a particular site in the United States. 

The panel is also quite certain that those sponsoring and 
conducting research are in full agreement with this 
statement; in fact, it is explicitly acknov/ledged in 
reports and briefings. Even greater information and 
analyses are needed on the effects of waste management 
systems composed of more than one repository, for such a 
system is likely needed to service present and future 
reactors. 

The panel necessarily limited itself to near-term 
socioeconomic considerations (i.e., the next 50 years). 
Owing to the very long duration of radioactive waste 
hazards, there may be socioeconomic effects far beyond 
this. However, since the predictive powers of social 
science are very limited, the highly uncertain long-term 
considerations cannot play a definable role in repository 
site-selection criteria. What the panel has sought to do 
is identify the relatively near-term socioeconomic and 
institutional considerations that should be addressed in 
locating, building, and operating high-level waste reposi¬ 
tories, to explore the nature of the considerations, to 
assess the adequacy of the current data base and under¬ 
standing, and to suggest the implications of alternative 
strategies for addressing these considerations. In doing 
so, the panel has identified a variety of assumptions 
that could constrain current policy choices and concep¬ 
tions of the management system. The panel did not, how¬ 
ever, restrict its analysis to fit those preconceptions. 
This report, in fact, points out areas where such assump¬ 
tions should be explicitly debated. 

As noted earlier, the study focuses on the isolation 
of unreprocessed spent fuel produced in commercial nuclear 
power reactors. Consistent with its study mandate, per- 
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manent isolation of the waste in stable geologic forma¬ 
tions within the continental united States was the only 
disposal concept considered. Because the configuration 
of the network of waste facilities influences the number 
of potentially affected states and communities, the panel 
addressed facility locations and the associated transpor¬ 
tation system that would be required to move the wastes 
from the places where they are generated to repository 
sites. The managerial and socioeconomic issues involved 
in storing spent fuel temporarily at reactors or away- 
from-reactor storage facilities were also considered. 

The panel did not address the question of the overall 
role of nuclear power in the United States, nor did it 
compare the effects of nuclear power and its wastes with 
those of nuclear power's alternatives. Potential health 
effects and the adequacy of the technology for isolating 
radioactive wastes were considered only to the extent 
that they impinge on social issues and public concerns. 


MAJOR SOCIOECONOMIC CONSIDERATIONS 

In its mandate to the panel, the U.S. Department of Energy 
(DOE) requested an identification of major socioeconomic 
considerations involved in repository siting, construc¬ 
tion, and operation. As noted above, the social science 
knowledge base does not at present permit detailed pre¬ 
dictions or development of siting criteria. Nonetheless, 
the panel has developed a list of major socioeconomic 
considerations that ideally should be addressed in siting 
nuclear waste repositories over the next several decades. 
The list is, of course, not exhaustive, and a different 
group of social scientists would certainly identify other 
considerations. Nevertheless, those identified herein 
suggest the scope and types of issues that require 
analysis by the DOE. 

The considerations are stated in the form of questions 
and follow the organization utilized in this report. The 
list, of course, is much larger than could be addressed 
by the panel in one study. Those issues assessed either 
partially or fully by the panel are indicated by an 
asterisk. 


A. Public Response 

1. What are the trends, magnitude, and charac¬ 
teristics of public concerns over radioactive wastes?* 
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2. How do public concerns over these wastes compare 
with concerns over nuclear power, hazardous wastes, and 
other technological hazards? 

3. What explains public concerns over radioactive 
wastes?* 

4. How may public trust and confidence be developed 
management?* tUtl ° nS reSponsible for radioactive waste 

5. How may public values best be accommodated in 
repository site selection, in weighting various socio¬ 
economic and institutional effects, and in avoiding or 
mitigating adverse effects? 

6 * How should public concerns and values be 
compared, and weighted, with technical criteria? 


B * The Waste Management Network 

1. How will the number and location of waste reposi¬ 
tories affect the socioeconomic and institutional burdens 
associated with radioactive waste management?* 

... 2 \ What socioeconomic effects will be associated 
with atTreactor, away-from-reactor, or interim storage 
facilities co-~located with repositories?* 

3. What significance should be attached to 
psychological stress occurring at facility sites and 
along transportation corridors? 

4. Should socioeconomic effects occurring alone 

programs? ^ ^ 

5. How will scale and the rate at which the waste 
system is brought to scale affect the magnitude of 
socioeconomic effects and institutional burdens?* 

6. What socioeconomic and institutional con- 

rran at T S r inV ° 1Ved in the raix of transport modes 
active°wastes ?* CkS ' “ 8ed in trans P°rting radio- 

7. How sensitive are overall waste management costs 
development? 3 ^" 10 " designS ' cask costs ' repository 

8. How should waste management costs be compared, 
equity? 9hted ' WitH long-term safet V and intergenerational 

9. HOW adequate are state and local monitoring, 
regulatory, and emergency response capabilities, given 
the demands that may be placed on them during the 
deployment of the waste management system? 
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10. How are the beneficial and adverse effects of 
radioactive waste management distributed over generations, 
geographical regions, social groups, and beneficiaries 
and nonbeneficiaries over nuclear power?* 


C. Site Effects 


1. To what extent will the socioeconomic effects of 
a nuclear waste repository resemble those associated with 
other large industrial facilities located in rural areas?* 

2. Which effects are amenable to quantitative expres¬ 
sion,* and which must be stated in qualitative terms?* 

3. Which effects can be reasonably predicted in 
advance, and which are likely to become apparent only as 
the site is developed?* 

4. How significant are rates as compared with types 
of social and economic change in the host repository 
region? 

5. What are likely to be the most beneficial impacts 
of a repository on the host community and region? 

6. How may socioeconomic changes in one locale be 

compared with those at another? 

7. How may local citizens best participate in 
identifying, assessing, and proposing means to ameliorate 
siting effects?* 

8. What is the likely magnitude of socioeconomic 
effects associated with postclosure or unexpected 
premature closure of the repository? 

9. How adequate are provisions in the Nuclear Waste 
Policy Act of 1982 and other existing governmental 
programs for assuring the time and equitable flow of 
incentives, impact mitigation, and compensation measures? 


D. Institutional Issues 


1. What is the nature of this generation's respon¬ 
sibility to future generations? 

2. What are the institutional prerequisites for 
effective management and disposal of radioactive wastes?* 

3. What means exist for resolving conflict over 
repository siting at both federal/state and state/local 
levels, and how adequate are they?* 

4. How adequate are the scientific and managerial 
resources of the major institutions responsible for 
radioactive waste management for identifying and 
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responding to the social and economic obstacles to the 
timely implementation of the Nuclear Waste policy Act of 
1982? 

5. What types of failure identification and contin¬ 
gency planning are required for effective implementation 
of the Nuclear Waste Policy Act of 1982?* 

6. What are the alternative modes of conflict resolu¬ 
tion available for siting controversies, and what are 
their potential applicability to the radioactive waste 
problem? 

7. How may the integrity and stability of the 
radioactive waste management program be insulated from 
changing political administrations? 

8. Given the complexity of a National High-Level 
Waste Program, what long-range institutional effects will 
need to be addressed?* 

9. How is experience with siting low-level 
radioactive waste and other hazardous waste facilities 
likely to affect (if at all) the siting of a high-level 
radioactive waste repository? 

10. How may public information and involvement 
programs for radioactive waste management best be 
designed, managed, and evaluated? 

11. What should be the relationship (if any) in the 
management of high-level commercial and defense 
radioactive wastes? 


MAJOR FINDINGS 

All the above issues could not, of course, be addressed 
in the panel's study. As noted above, the panel has 
evaluated a number of those issues judged among the more 
important and within study scope and panel expertise. 
Generally these fall within the major chapter headings— 
public concern, effects of facility location and 
transportation, site-related effects, and institutional 
issues. 

1. Although the electoral, legislative, and 
administrative sectors in the United States have 
historically demonstrated substantial support for the 
economic benefits of nuclear power, over the past 15 
years (and particularly since 1979) support has weakened 
significantly in all three sectors. In the same period, 
an articulate organized opposition has emerged, one with 
support among a significant minority of the population. 
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2. There is widespread perception that nuclear energy 
entails risks to health and safety. This perception is 
exacerbated by the fact that most of the public groups do 
not distinguish clearly between the risks of nuclear 
weaponry and those of nuclear power plants. The extent 

to which fear over nuclear weapons enters into attitudes 
on nuclear wastes is difficult to pinpoint, but it is 
undoubtedly an element in the formation of public opinion. 
Concern over catastrophic accidents in nuclear power 
plants appears to add to these fears of the technology. 

3. The level of knowledge about nuclear power and 
radioactive wastes remains low among the general public. 
This limited knowledge, however, does not explain the 
high level of concern. It is uncertain whether greater 
amounts of information would reduce or increase public 
concern, but improved public understanding of waste 
management problems is a central need for developing an 
informed public policy and a socially acceptable 
management program. 

4. Public concern and the perception of threat are 
exacerbated by mistrust of government in general and by 
the appearance of secrecy or desire to exclude the public 
from governmental decisions about radioactive waste and 
repository siting. 

5. A substantial disparity exists between the amount 
of research effort expended on technical aspects of under¬ 
ground nuclear waste storage and the limited efforts 
expended on the above-ground design of a waste system. 
Specifically, the socioeconomic and institutional issues 
associated with facility location and transport modes, 
routes, distances, and scheduling require greater 
attention than they have received to date. While the 
panel believes that the logistical and institutional 
challenges involved can be met, it finds substantial 
tasks ahead that merit attention in a formulation and 
implementation of a national radioactive waste management 
strategy. The panel also emphasizes that the kinds of 
problems involved are not readily amenable to easy 
technical solutions; they must be considered in the 
overall system design and in institutional policies that 
include socioeconomic as well as technical criteria. 

6. The socioeconomic and institutional effects 
associated with the network of nuclear waste facilities 
and transportation are quite sensitive to the number and 
location of repositories. These effects, as suggested by 
the panel's analysis, include transport system complexity, 
shipping costs, public concern and conflict, vulnerability 
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to possible transport system bottlenecks, and institu¬ 
tional burdens on states and localities. One problem— 
interregionai inequity—viewed as particularly important 
y the panel, could be minimized through regional siting. 
The relationships among these factors and effects have 
received only limited research attention and require 
further explicit analysis. They will also need to be 
weighed against geologic criteria and overall waste 
management system costs. 

7. The socioeconomic effects of establishing tem¬ 
porary away-from-reactor facilities for interim storage 
depend on specific assumptions and scenarios chosen and 
are at present not well understood. Whether such storage 
facilities are co-located with repositories, located at 
reactors, or located away from both reactors and reposi¬ 
tories appears to affect significantly total system 
transport costs, regulatory and emergency response j 
burdens on state and local governments, and public 
concern along transport routes. At-reactor storage, in 
particular, may have potential for reducing these ‘ 
effects. At the same time, the panel recognizes the 
potential usefulness of the limited away-from-reactor 

storage provided for in the Nuclear Waste Policy Act of 
X 9 8 2. 


8. Current DOE plans assume that the transportation 
of waste will be primarily by rail. The panel has iden¬ 
tified a variety of obstacles to a predominantly rail 
transportation system. The rail industry appears to have 
few economic incentives and a stated reluctance to take 
on radioactive waste transport. Rail also does not appear 
have a decisive economic advantage over truck trans- 
port, and the rail system is less responsive to possible 
demands for routing changes. These obstacles should 
receive further review from the DOE. If these problems 
lead to greater use of truck transport, differing socio¬ 
economic and institutional effects will need to be 
anticipated. 


9. The research base that exists to support the 
selection of sites for a nuclear waste repository and the 
formulation of programs for impact mitigation is limited 
and uneven. The underdeveloped state of theory in social 
impact assessment theory and methodology and the cursory 
efforts thus far in comparative analysis of impact 
mitigation are particularly problematic. The limited 
research program sponsored by the DOE has not sufficed to 
fill this void, as a result, no authoritative statements 
can be made at this time about the magnitude, types, or 
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rates of adverse socioeconomic effects to be expected at 
a repository site nor criteria that should be formulated 
for site suitability or an appropriate program of impact 
mitigation, 

10. Adverse socioeconomic effects will likely be 
strongly site-specific and will be related in particular 
to the population size and rural qualities of the host 
region as well as to the overall waste system design. 

These effects will be difficult to predict on the basis 
of experience with other types of facilities at other 
sites. These effects have the potential, however, for 
substantial harm to the host community and region and 
should, therefore, receive more thorough assessment than 

has been accomplished to date. 

11. The special effects associated with the radio¬ 
logical mission of the repository will interact with, and 
may well exceed, the more conventional effects resulting 
from the location of any large industrial facilities in 
rural communities. 

12. A number of significant effects will not become 
evident until the siting process begins. Accordingly, 
careful monitoring of socioeconomic effects at the site 
and a program for timely and flexible provision of 
resources to reduce or mitigate adverse impacts are 
required. The panel finds that an appropriate mechanism 
for assuring the active involvement of local residents in 
assessing site effects and in monitoring mitigation and 
compensation programs does not now exist and should 
receive attention by the DOE. 

13. A sound program to anticipate and respond to the 
effects of siting a radioactive waste repository should, 
in the panel's view, comprise (a) analysis of socioeco¬ 
nomic effects, with participation by the residents? (b) 
development of plans and policies to avoid and to mitigate 
adverse effects, with participation by the residents; (c) 
capital, provided by the beneficiaries of nuclear power, 
to fund mitigation of expected adverse conventional 
effects; (d) compensation for adverse effects, conven¬ 
tional and special, that cannot reasonably be avoided or 
further mitigated? and (e) means of redress for effects 
resulting directly from the siting of a repository or 
from overall changes in the radioactive waste program 
that alter site characteristics. 

14. An ambitious program of technical and financial 
support to mitigate adverse effects at repository sites 
will be needed. While the Nuclear Waste Policy Act of 
1982 provides for this need, several problems may be 
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expected in implementation. The goals and levels of 
funds for impact mitigation are set at an early stage in 
site development, yet many effects cannot be anticipated 
and will become apparent with the development of the site 
and the beginning of operations. Moreover, no assurance 
exists that the states will adequately assess the needs 
of the host locality and allocate funds in an effective 
manner. 

15. A major institutional gap exists in the framework 
defined in the Nuclear Waste Policy Act of 1982. There 
is no institutionalized process for relating the concerns 
of locally affected populations to the actions of state 
governors or legislatures. Institutional designs for 
bridging this gap have been utilized in other policy 
areas and may provide possible means to fill this void. 

16. The site-selection timetable outlined in the 
Nuclear Waste Policy Act (NWPA) is likely to force the 
DOE to choose between an open, consultative approach to 
planning that fails to meet deadlines and a closed, 
executive approach that meets schedules. A decision to 
adhere to the tight schedule of the NWPA could contribute 
to insufficient attention to local concerns and par¬ 
ticipatory opportunities or result in inappropriate 
compromises. 

17. Informal processes of planning and conflict 
resolution can provide valuable supplements to the 
official administrative and judicial processes outlined 
in the Nuclear Waste Policy Act. Environmental mediation 
is one such process that deserves further exploration. 

18. An ambitious program of public participation is 
needed to meet the challenges posed by high levels of 
public concern and the complexity of issues surrounding 
the siting of nuclear waste repositories. Previous 
research and experience suggest that an effective 
participation program will include (a) the direct 
involvement of affected public groups in impact 
assessment; (b) early and broad public involvement in 
both site searching and site selection, within the 
context of technical criteria; (c) the development of an 
independent technical review capability, similar to that 
created for the state of New Mexico for a Waste isolation 
Pilot Plant, among citizens of the communities hosting 
the repositories or those exposed to extraordinary waste 
transportation flow at major points along the waste 
funnel; (d) a variety of techniques and mechanisms of 
public participation, since the state of social science 
theory does not indicate a preferred mode of public 
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participation. The participation program may be designed 
as a major research effort, with participation of citi¬ 
zens, peer review, and careful monitoring and evaluation. 

19. Transportation of radioactive wastes by truck 
could be carried out either by a federally owned and 
operated fleet or by private trucking companies subject 
to federal and state regulation. Whether private 
companies or the federal government transport the waste, 
a sound federal regulatory system requires (a) a suf¬ 
ficiently broad-based and uniform regulatory regime, (b) 
the elimination of redundancies and incompleteness in the 
existing Nuclear Regulatory Commission-Department of 
Energy regulations for transportation, and (c) addressing 
the desire of states to deal with safety on their own 
highways. 







2 

Public Concerns 


There exists a long and extensive legacy of disputes over 
the siting of facilities, both public and private (Popper 
1981, Seley 1983). Various public groups have objected 
to gas stations, airports, highways, group homes (com- 
munity residences for the mentally retarded), recombinant 
DNA laboratories, and, of course, nuclear power plants. 
During the past decade, the list of controversial facil¬ 
ities appears to have expanded. It is evident that a 
waste repository will engender strong reaction from local 
public groups, independent of the reactions, both in 
support and opposition, of official government entities. 
In siting some types of facilities, a low-profile or 
Machiavellian approach has worked in the past. Particu¬ 
larly notable is the group home, which was rarely opposed 
when first introduced but is now subject to predictable 
controversy. Estimates range from a 30 percent to a 75 
percent rate of rejection for proposed group homes, 
despite little evidence of any real harm to host com¬ 
munities (Seley 1983). 

Power plants, too, underwent a cycle of acceptance 
prior to the Three Mile Island accident and subsequent 
public response. In the few instances involving commer¬ 
cial high-level radioactive waste, efforts to search for 
sites have been subject to controversy. It is apparent 
that any effort to find a site for a repository (or 
repositories) will engender a range of concerns that must 
be addressed if siting is to proceed without undue delay 
and social disruption. This is a conclusion based on 
both historical evidence and the demands of societal 
equanimity. 

This chapter has four objectives: (1) to assess the 
trends and characteristics of public concerns about the 
management of radioactive wastes, (2) to evaluate the 
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adequacy of current scientific understanding of these 
public concerns, (3) to examine critically the hypotheses 
that have been put forth to explain patterns of public 
concerns, and (4) to note the major limitations of the 
data base and methodology for current understanding and 
inferences. 


THE DATA BASE 

This section examines the various subsets of the data 
base available for assessing the attitudes of the general 
public and some of the major characteristics of public 
response. Later in the chapter we address the limitations 
to both the data and the methods for making inferences 
from them. Inasmuch as the problem of isolating radio¬ 
active wastes has been a matter of public concern for 
less than a decade, it is not surprising that social 
science research on public response to the problem is 
also of recent vintage. Government agencies have funded 
extensive research on the technical issues of waste 
isolation, but far less funding has supported investiga¬ 
tions of the social issues raised by nuclear power. 

Hence, the data base for assessing the attitudes of the 
general public has a number of deficiencies. Neverthe¬ 
less, there exists a sizable amount of past work that, if 
tapped judiciously, can suggest major characteristics of 
public response. 

Several collections of relevant public opinion polls 
have appeared in Public Opinion Quarterly (Erskine 1963, 
de Boer 1977). In 1978 the Battelle Human Affairs 
Research Centers published a comprehensive overview of 
more than 100 national, state, and areawide polls and 
surveys dealing with public attitudes on nuclear power 
(Melber et al. 1977). This overview was subsequently 
updated by the Battelle group to include polls and 
surveys taken from 1977 through the summer of 1979 
(Melber et al. 1979). For the past decade, national 
polling agencies such as Cambridge Reports, Opinion 
Research Corporation, Louis Harris and Associates, and, 
more recently, the Gallup Poll, have regularly sampled 
opinion on nuclear power and nuclear wastes. Finally, 
Robert Cameron Mitchell of Resources for the Future has 
carefully appraised the various surveys of nuclear power 
(Mitchell 1978, 1980). 

A second body of data consists of psychometric studies 
conducted by Decision Research Inc., by the International 
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Institute for Applied Systems Analysis (IIASA), and by 
the Netherlands Organization for Applied Scientific 
Research. Decision Research Inc. has asked people to 
make judgments about risky technologies and activities, 
to rate their risks and benefits on as many as 18 
different risk attributes (e.g., newness, severity of 
consequence), and to state their preferences for risk 
reduction (or "acceptable" risk). Nuclear power has been 
included in the studies, along with some 29 (recently 
broadened to 93) other technologies and activities. 

Three groups of subjects—college students, a local 
chapter of the League of Women Voters, and a local 
businessmen's organization—-have given answers so far. 
Decision Research has also asked college students to 
write scenarios of the maximum credible nuclear power 
disaster that might occur during their lifetimes. The 
work of Vlek and Stallen (in press) and of Stallen and 
Thomas (1981) is similar to that of Decision Research but 
has involved a representative sample of the population of 
the greater Rotterdam area. Scholars at IIASA have 
utilized an attitude formation model to inquire into 
public beliefs about nuclear power, obtaining the views 
of energy experts, a heterogeneous sample of the Austrian 
population, and participants in a nuclear energy refer¬ 
endum in the United States (Otway et al. 1978). 

A third collection of studies has used clinical 
methods to explore personal fears and emotional responses 
to nuclear energy. Prominent among these are the works 
of Robert Jay Lifton, which include Death in Life (1968) 
and The Broken Connection (1979), based on interviews of 
the survivors of the atomic bombing of Hiroshima. Psycho¬ 
logical analysis has also been conducted by Pahner (1976), 
who reviewed behavioral literature, press reports, inter¬ 
views, and public demonstrations at reactor facilities to 
identify the conscious and unconscious fears that influ¬ 
ence public attitudes to nuclear power. Robert L. DuPont 
(The Media Institute 1980) has analyzed the news media 
handling of nuclear power issues, while others have 
examined the attitudes of media representatives (Rothman 
and Lichter 1982). Recent studies of psychological 
stress in the people who live near the Three Mile Island 
nuclear plant have provided additional empirical data on 
public fear and anxiety (U.S. President's Commission on 
the Accident at Three Mile Island 1979, Bromet 1980, 

Houts et al. 1980). 

There have also been a number of public votes on 
nuclear power issues. In 1976 there were unsuccessful 
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referenda in California and six other states aimed at 
restricting nuclear power. The California referendum, 
defeated by a 2-1 margin, has been the subject of several 
detailed analyses (Groth and Schutz 1976, Hensler and 
Hensler 1979). Questions involving nuclear power appeared 
on 1980 ballots in an additional six states, and nuclear 
waste was a primary issue in all but one. Voters approved 
three and rejected three of these initiatives. 

Organized political activity on nuclear energy has 
been examined as part of the broader study of political 
interest groups. Energy and environmental groups differ 
markedly from interest groups whose principal motive is 
economic interest in government decisions (McFarland 1976, 
Berry 1977). Both staff and member-supporters place high 
value on influencing public policy per se rather than mea¬ 
suring success in immediately tangible economic terms. 
These "public interest" groups have organized success¬ 
fully around both promotion of and opposition to nuclear 
power. 

Antinuclear groups have used a variety of means, 
including ballot initiatives and protest and civil 
disobedience (Nelkin 1981a, 1981b). How these means are 
selected through the internal decision processes of these 
and other protest groups is not well understood (Lipsky 
1968) , although Berry (1977) and Douglas and Wildavsky 
(1982) agree that the internal structure and dynamics of 
voluntary groups shape their public positions signifi¬ 
cantly (see also Wilson 1973, Chaps. 13 and 14). 

Attention has also been paid to public attitudes to 
nuclear power in a number of other societies. Poll data 
comparable with those in the United States are available 
for a number of other countries (see, for example, Greer- 
Wooten and Mitson 1976, Renn 1981). Nelkin (1977), Nelkin 
and Pollock (1981), Zinberg (1982), and Paige and asso¬ 
ciates (1980) have provided comparative overviews of the 
nuclear controversy, public information campaigns, and 
public reaction in European countries. 

The data base, nonetheless, is uneven, as discussed 
below. 


THE EMERGENCE OF PUBLIC CONCERNS 

Public attitudes to civilian uses of nuclear power were 
generally positive until the last decade. Generally, 
there was little concern prior to the late 1950s about 
the risks posed by the few reactors in operation. There 
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ftcure 2 1 Media concern as indicated by attentio 
™„ 4ork Times. Source: Updated from R. A. Kasperson. 

TSSS-The dark side of the radioactive waste problem. 

P. 159 in Progess in Resource Management andEnvironmenta 
Planning, T. O'Riordan and K. Turner, eds. New York. 
Wiley, 1980), Chap. 6, p. 159. 
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Waste issues continued to rank at or near the top of 

P “ bllC i C ^ ernS ° Ver nuclear P° wer during the latter half 
the 1970s, and state and local governments began to 
pass laws restricting the use of their areas for disposal. 
Meanwhile, public support for nuclear power waned (de 
®° er 1977) * The lon 9 -term impacts of the accident at 

are^ikelt I = land 1 <^ ure 2.2) are not yet apparent but 
are likely to include some loss of enthusiasm among sup¬ 
porters of nuclear power and the movement of more people 
into opposition (Mitchell 1980, pp. 18-19). Since 1978, 
Harris polls have found respondents opposed by nearly 2-1 
ma.ontres to nuclear plants being built withL 5 miles 
h °' nea - A 1980 Harris poll also found that a 
majority of the public continued to support nuclear power 

tt ? an , 8 of ever y 18 respondents believed that 
fundamental changes in regulation were needed to keep the 

° f nuclear power "within tolerable limits" (Marsh 
and McLennan 1980, p. 39). Moreover, a Resources for the 

tr r *! UrVe " 1980 found that nu dear power stood at 
the bottom of the public's list of preferred energy 

sources. Thus, if the high level of concern about radio- 
active wastes persists public acceptance will be a 
difficult goal to achieve for any large-scale waste 
management program. 


DEMOGRAPHIC CORRELATES OF PUBLIC CONCERN 

ceri^,° P j; ni0n . ab0Ut nuclear Power varies according to 
is that characteristics. The most noteworthy difference 
ievealL bS ^tween men and women. Polls and surveys have 
revealed a consistent tendency for women to be more uncer 

The 1977 U n tt ° Pposed . to nu clear energy than men are. 

The 1977 Battelle review, for example, found that among 

men the mean support for nuclear power was 65 percent, as 
comp a d with 46 percent among women. Polls conducted 
after the accident at Three Mile Island suggest that it 
may have further widened these sex differences. The 

d!fferenL ReE 7 tS ° Pini ° n 1X5113 indicate that these sex 
inferences also extend to opinions on nuclear waste, 

with women significantly less confident than men that the 
probiem can be solved (Rankin and Nealey 1978, p. 116) 

A Rand Corporation study of the California nuclear 
referendum revealed sex to be one of the few demographic 
factors that correlated significantly with nuclear 
3tt \ tude < Hens ler and Hensler 1979) . Another study, 
which involved reinterviews with respondents to obtain 
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their views about a nuclear waste facility in New York 
State, found that exposure to the controversy that 
surrounded it increased negative attitudes among women 
but not among men (Mazur and Conant 1978). Studies of 
the Three Mile Island accident also indicate higher levels 
of continuing psychological stress in mothers of young 
children (Bromet 1980). The contrast between the sexes 
is all the more striking given that it appears to be 
independent of other socioeconomic factors and that recent 
polls have shown few differences between the sexes in 
their attitudes to environmental issues (U.S. Council on 
Environmental Quality 1980, p. 29). 

A prime ingredient in this differential response is 
concern over the catastrophic releases of radioactivity 
from nuclear plants. All recent polls reveal that women 
are significantly more concerned (and uncertain) about 
nuclear power than are men. Even the stated uncertainty 
may mask latent concern; the woman who is "not sure" may 
actually be signifying dissent (Duncan 1978). The common 
but erroneous belief that nuclear plants can explode like 
nuclear weapons may also play a role, for it is known 
that women across a variety of cultures are less prone to 
violence and more concerned about loss of life than men 
are (Setlow and Steinem 1973, Steinem 1972). One study, 
using free-association questions, found women signifi¬ 
cantly more fearful than men that nuclear plants might 
"explode" and more concerned about the long-term effects 
of radiation (Kasperson et al. 1980). A survey of 1,004 
Massachusetts residents found that women were opposed to 
nuclear power not because they were less knowledgeable or 
because they harbored antitechnological values but rather 
because they felt more concern about safety and moral 
questions rather than about economic growth (Reed and 
Wilkes 1980a). One analysis of women*s magazines and the 
feminist press has concluded that the genetic effects of 
radiation on women and, hence, on future generations 
particularly influence the concerns of women (Nelkin 
1981a). While considerable evidence exists of a differ¬ 
ential response between the sexes, however, a searching 
and authoritative explanation has not yet been 
forthcoming. 

Other demographic correlates of concern about nuclear 
power and nuclear wastes are less well understood. 

Younger persons (those under 30) are more likely to 
oppose nuclear power than are older persons. Correla¬ 
tions with education and income tend to be ambivalent or 
inconsistent. Some survey results indicate that more 
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,highly educated and higher income groups support nuclear 
power, whereas others provide contrary results or show no 
significant association. In their review of polls on 
nuclear wastes, Rankin and Nealey found few differences 
related to education and income on the question of whether 
such wastes "are too dangerous" to produce, although they 
did find a greater tendency for low income and less 
educated respondents to be unsure. 

Despite the polarization over nuclear power in the 
scientific community and the extensive media coverage of 
nuclear issues, the public has largely refused to join 
either side. A national survey in 1978, in fact, revealed 
that only 2 percent of the respondents were active par¬ 
ticipants in the controversy over nuclear energy, with 
another 27 percent sympathetic and 21 percent unsympa¬ 
thetic to the antinuclear movement (Mitchell 1978, p. 5). 
The remaining 44 percent of those polled defined them¬ 
selves as neutral. This division contrasts with the 
larger active public participation in and support for the 
environmental movement as a whole (Figure 2.3). Mass 
public support for environmental activism does not imply 
similar support for antinuclear activism (Mitchell 1980). 

The Three Mile Island accident appears to have had 
only a marginal impact on public sentiment, increasing 
the active segment from 2 to 4 percent and the sympathetic 
from 27 to 29 percent. These changes, however, are 
balanced by an increase in the unsympathetic from 21 to 
26 percent (Mitchell 1980), and attitudes may not yet 
have stabilized. Thus, while several small minorities 
are active in supporting or opposing nuclear power, the 
broad middle of the public, while certainly wary of 
nuclear power and more positive toward other energy 
sources, thus far remains uncommitted. 

Finally, an apparent difference of opinion exists 
between technical experts on the one hand and the lay 
public and public officials on the other. Technical 
experts tend to see high-level waste management as a more 
solvable problem than do members of the public. This 
difference in attitude has been demonstrated by research 
at Battelle (Maynard et al. 1976) and is also apparent in 
the different responses of the business and regulatory 
communities in the 1980 Marsh and McClennan national poll 
on risk (Table 2.1). These results suggest that technical 
experts may underestimate the degree and misperceive the 
reasons for public concerns. 
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TABLE 2.1 Attitudes toward Nuclear Power Issues 


Top 



Corporate 

Investors/ 


Federal 


(Number of respondents) 

Executives 

Lenders 

Congress 

Regulators 

Public 

(402) 

(103) 

(47) 

(47) 

(1,488) 


% 

« 

% 

% 

% 

Fundamental regulatory 
changes are necessary if 






the risks of nuclear 






energy are to be kept 
within tolerable limits 






Agree 

47 

57 

81 

72 

84 

Disagree 

46 

35 

17 

19 

9 

Not sure 

7 

8 

2 

9 

7 

The disposal of nuclear 
waste is a problem that 
can be solved in an 
acceptable way 






Agree 

90 

85 

66 

66 

62 

Disagree 

2 

1 

21 

11 

26 

Not sure 

8 

14 

11 

23 

12 

Nuclear power is too 
dangerous to permit its 
continued expansion 






Agree 

2 

_ 

30 

17 

34 

Disagree 

98 

98 

70 

72 

59 

Not sure 

” 

2 

" 

11 

7 


SOURCE: Marsh and McClennan, Risk in a Complex Society, a Marsh and McClennan Public 
Opinion Survey, conducted by Louis Harris and Associates, Inc., 1980), p. 39. 


THE CAUSES OF PUBLIC CONCERN: ALTERNATIVE HYPOTHESES 


Speculation abounds as to the reasons for the evident 
public concern over nuclear power. Some see concern as 
the result of technical ignorance of the public and its 
inability to see nuclear power and waste issues in the 
context of other natural and technological risks. Some 
attribute the concern to a connection that people make 
between nuclear power and nuclear weapons. Others point 
to a broad and growing public intolerance of technology. 
Still others believe that there are significant technical 
risks that have not been recognized by the proponents of 
nuclear power. Note that the hypotheses are not mutually 
exclusive: more than one may be valid, and the effects 
may interact synergistically. 

In this section the various hypotheses that have been 
put forward to explain public concerns are examined in 
the light of existing data and analyses. 
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Public Ignorance 

Public concern over nuclear power, it has been argued 
(Firebaugh 1981), is largely a product of unfounded fears 
and misinformation. The recent report of the Committee 
on Nuclear and Alternative Energy Sources calls attention 
to this problem: 

The foremost of these [political and institutional] 
barriers is misunderstanding by the public of the 
nature of the problem. As evidenced by local 
hostility in many places to investigation of sites, 
it appears that the public is under the misappre¬ 
hension that waste management poses local, high- 
intensity risks, rather than (at worst) widespread, 
low-intensity risks (National Research Council 
1979, p. 316). 

If public ignorance does indeed lie at the base of public 
concern, the democratic answer is surely that stated by a 
former Energy Research and Development Administration 
assistant administrator for nuclear energy: "... the 
best answer to the problem of public perception, public 
attitudes, is information . . . the more people understand 
about nuclear power, the more they tend to favor it" 
(Roberts 1975). 

It is clear that the general public has limited knowl¬ 
edge of nuclear power and radioactive wastes. Various 
surveys of public attitudes prior to the Three Mile Island 
accident revealed that most people possessed little 
factual knowledge of nuclear power (Melber et al. 1977). 

A 1978 survey of Washington state residents, for example, 
found that most respondents had little knowledge of the ^ 
origins and forms of waste or of their decay over time ^ 
(Nealey and Rankin 1978). In a Massachusetts study, out 
of five relatively simple multiple-choice questions on 
nuclear power, 51 percent of the respondents answered no 
more than one of the questions correctly (Reed and Wilkes 
1980b). Limited knowledge also characterizes other 
technical and social policy issues on which the public 
historically has had a role in the decision-making 
process. 

Recent research has questioned the view that greater 
knowledge produces a more favorable attitude to nuclear 
energy. An Oak Ridge study found no relationship between 
knowledge and support or opposition, but the test con¬ 
cerned specific factual data about a particular plant 
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rather than the technology itself (Sundstrom et al. 1977, 
pp. 39-40). A study of college student opinions about 
breeder reactors also found no relationship between 
knowledge and attitudes (Clelland and Bremseth 1977, pp. 
31-32). On the other hand, while a detailed study 
(Nealey and Rankin 1978) in Washington state found no 
significant difference in knowledge between opponents and 
supporters of nuclear power, it did show that strong 
supporters of nuclear power were the most knowledgeable 
group. The Rand Corporation study of the 1976 California 
referendum found that whereas knowledge was low, it was 
largely independent of attitudes to nuclear power (Hensler 
and Hensler 1979). Overall, the results to date, though 
not conclusive, suggest that knowledge serves primarily 
to confirm rather than to shape attitudes, that indi¬ 
viduals selectively "fit" new information to pre-existing 
positions. This is consistent with a national survey 
(U.S. Council on Environmental Quality 1980, p. 35), 
which found that levels of knowledge did not correspond 
with views about environmental protection or the environ¬ 
mental movement. 

Added confirmation of these results has been provided 
by a number of informational campaigns and consensus¬ 
building efforts on nuclear power and other technical 
issues in various European countries. One comparison of 
three such efforts, in Austria, the Netherlands, and 
Sweden, concluded that "... there is little evidence 
that efforts to improve public knowledge about uncertain 
technical issues have actually reduced conflict." Indeed, 
the Swedish study indicated that access to more informa¬ 
tion may in fact increase confusion and conflict, for 
many people are reluctant to accept and evaluate the 
uncertainties inherent in many technical areas (Nelkin 
1977, pp. 96-97). 

The panel's appraisal of this body of work is that 
sufficient evidence does not exist to allow a searching 
test of the relation between knowledge and attitude, for 
studies to date have largely assessed the possession of 
general information rather than technical understanding. 
The direction of research results, however, does not 
support the inference that public concern is the product 
of inadequate information or lack of education. 


Fear 

The H. G. Wells novel The World Set Free (1914) portrays 
a cataclysmic world war during the 1950s that leaves 
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biological destruction, of the possible i" te “upti°n of 
all human continuity. In his discussions with young 
American adults, Lifton found three characteristic 
psychological themes: 

"The equation of death with annihilation—early 
childhood exposure to the prospect of the nuclear 
holocaust leads to a psychic deformation in which 
one's own death becomes merged with total death, 
and thus more terrifying, 

"the unmanageability of life-the sense that any 
attempt to order existence is countered by the 
possibility of its absolute interruption, 

"the perception of craziness—the idea that human 
beings would make nuclear weapons and the pre¬ 
scription for responding (ducking under a desk, 
going down to the cellar) both seem strange and 
unreal" (Lifton 1979, pp. 365-366). 

The public, in short, extends its fears of nuclear 
weapons to nuclear power plants, which evoke 
primal fears about the integrity of the human body. 

Lifton argues that these fears cannot be eliminated by 
rational-probabilistic assessments of risk, such as th 
of the Reactor Safety Study (U.S. Nuclear ^ egul ^°^ y . 
Commission 1975), because it may be the . 

the numbet of deaths that is critical. The most i«P°r 
tant human feelings are precisely those least susceptible 

to mathematical equations" (Lifton 197 ). nevrholoai- 

Sufficient evidence to confirm the various psychologi 
cal mechanisms through which fear of nuclear weapons 
interacts with fear of nuclear power plants does not 
exist, but some evidence is available to support the 
widely held view that such a connection is real. p °l ls 
in recent years have consistently revealed that about 
half of the public harbors the belief tha ^ ° r 

the possibility of explosions in " uc ^f ar sutvey 

manor problem (Mitchell 1980, Table 3), and a 1980 survey 
found that 52 percent of respondents believed ^ nuclear 
power plants could explode and "cause a mushroom-shaped 
cloud like the one at Hiroshima" (U.S. Council on Environ¬ 
mental Quality 1980) . When visitors at three reactor 
sites were asked to complete simple sentences* about 


**'When I think of nuclear power plants, I . . . • 
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th eir feeiings, more than half cited anxi percent) 

S' 9 loT IC TJ' ll diS6aSe (? percent ) (Ka S pe°so P n et 

al. 1980). The authors of the Rand study, by contrast 

used S dfo nd r 9 tHat ab ° Ut ° ne fifth of the respondents ' 
SSSfear y ln Eree-association responses to 

faoio • energ ?' dld n0t believe this to be a significant 

1979, vouT 1 ^) 3 / 0 nUCl6ar P ° Wer (HenSler and Hensler 

ev „ Saf6ty has been the dominant theme in the public's 
nurle SS1 ° nS ° f reserva tions about nuclear powSr and 
nuclear wastes. Concern consistently focuSeS on IL 

deits S6 a nd rad j oactivit y' Potential catastrophic acci- 
dents, and waste management problems m loan u 

JSHS SS.SS llTilil of th ° seand 

catastrophic accident at a nuclei 3 

“ks^oT* t f at fUndamenti11 w£e an n; c rssa J if 

roi m ? f nuclear energy were to be kept within 3 
tolerable limits (Marsh and McLennan 198oI p. 39). 


THE NATURE OF HAZARD 

Although many experts hold that the risks 

Research CouIciflllS^bllft technologies atonal 
sists. one hypothesis 'ftthiststhatnucl Safe *" y P— 
compared with other technologies, elicits extractin'"' 33 

* nuclear P ower and 29 other technologies or 

activities on 9 characteristics—voluntariness of risk 
inmdiacy of effect, knowledge about risk, control over 
catastrophic 8 ' kn ° Wn t0 6Xp ° Sed ' abd chronic- 

, . ^ e or risK is shown m Fiqures 2 4 anr! o k 

™ C °t raSt ^ reSp ° nSe to nuclear powSr with ShS 
ptttt nonnuclear electric power and x rays. 

thermore, nuclear power was "dreaded" far more than 
any of the other hazards (Slovic 1979, p. 38). 
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FIGURE 2.4 Comparison between 
nonnuclear electric power on 9 
Fischhoff et al., 1978). 


nuclear power and 
risk characteristics 
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5 Comparison between nuclear power and x rays 
characteristics (from Fischhoff et al., 1978) 
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Respondents were later asked to estimate the frequency 
of death to be expected from the 30 activities and tech¬ 
nologies. As a guideline it was pointed out that the 
total number of deaths each year in the United States 
averages about 2 million. The respondents were also 
asked to indicate how many times more deaths than the 
average would occur if next year were "particularly 
disastrous" for the technology or activity, thus pro¬ 
viding a measure of opinion about the technology's or the 
activity's potential for catastrophe (Table 2.2). Inter¬ 
estingly, the expected number of fatalities from nuclear 
power in an average year was smaller than for any other 
activity or technology. But for the worst year nuclear 
power was unique in terms of respondents' judgments about 
fatality multipliers. In fact, more than 40 percent of 
the respondents presented multipliers for nuclear power 
that were greater than 1,000. The respondents, in short, 
expected nuclear power to lead to disasters of immense 
proportions. 

The researchers also asked a new group of 28 students 
to write scenarios of the maximum credible disaster that 
might be produced during the respondent's lifetimes by a 
nuclear power plant or by commercial airplane flights. 

One third of the scenarios postulated an explosion within 
the reactor, and the expected number of fatalities tended 
to be several orders of magnitude greater than the worst 
case estimated in the Reactor Safety Study (3,300 prompt 
and 45,000 latent fatalities, with a probability of 5 x 
10 ^ p er reactor year). Three respondents wrote scenarios 
postulating worldwide radioactive contamination and death. 
These results are indicative of the degree of public con¬ 
cern. Researchers generally have found that members of 
the lay public have been modestly successful in ordering 
other risks according to their probabilities and 
consequences. 

These results are directly relevant to radioactive 
waste management because the public apparently links it 
(despite differences in the nature of the hazards) with 
nuclear power issues more generally. In fact, as noted 
above, concern over nuclear wastes ranks at or near the 
top of all concerns over nuclear power. 


VALUE CONFLICT 

It has been argued that nuclear power is a victim of its 
time and that the political polarization over its survival 
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TABLE 2.2 Fatality Estimates and Disaster 
Multipliers for 30 Activities and Technologies 




Geometric Mean 
Fatality Estimates 
Average Year 

Geometric Mean 
Multiplier 
Disastrous Year 


Activity or Technology 

L0WV a 

Students 

LOWV a Students 

1 . 

Alcoholic beverages 

12,000 

2,600 

1.9 

1.4 

2. 

Bicycles 

910 

420 

1.8 

1.4 

3. 

Commercial aviation 

280 

650 

3.0 

1.8 

4. 

Contraceptives 

180 

120 

2.1 

1.4 

5. 

Electric power 

660 

500 

1.9 

2.4 

6. 

Fire fighting 

220 

390 

2.3 

2.2 

7. 

Food colouring 

38 

33 

3.5 

1.4 

8. 

Food preservatives 

61 

63 

3.9 

1.7 

9. 

General aviation 

550 

650 

2.8 

2.0 

10. 

Handguns 

3,000 

1,900 

2.6 

2.0 

11. 

High school and 
college football 

39 

40 

1.9 

1.4 

12. 

Home appliances 

200 

240 

1.6 

1.3 

13. 

Hunting 

380 

410 

1.8 

1.7 

14. 

Large construction 

400 

370 

2.1 

1.4 

15. 

Motorcycles 

1,600 

1,600 

1.8 

1 . 6 

16. 

Motor vehicles 

28,000 

10,500 

1.6 

1.8 

17. 

Mountain climbing 

50 

70 

1.9 

1.4 

18. 

Nuclear power 

20 

27 

107.1 

87.6 

19. 

Pesticides 

140 

84 

9.3 

2.4 

20. 

Power mowers 

40 

33 

1.6 

1.3 

21. 

Police work 

460 

390 

2.1 

1.9 

22. 

Prescription antibiotics 

160 

290 

2.3 

1.6 

23. 

Railroads 

190 

210 

3.2 

1 . 6 

24. 

Skiing 

55 

72 

1.9 

1.6 

25. 

Smoking 

6,900 

2,400 

1.9 

2.0 

26. 

Spray cans 

56 

38 

3.7 

2.4 

27. 

Surgery 

2,500 

900 

1.5 

1.6 

28. 

Swimming 

930 

370 

1.6 

1.7 

29. 

Vaccinations 

65 

52 

2.1 

1 . 6 

30. 

X rays 

90 

40 

2.7 

1.6 


SOURCE: P. Slovic, S. Lichtenstein, and B. Fischhoff. 1979. 

Images of disaster: perception and acceptance of risks from nuclear 
power. In Energy Risk Management , pp. 223-245. G. Goodman and 
W. Rowe, ed. London: Academic Press. 

^League of Women voters 


symbolizes a more basic struggle between contending value 
systems. It is apparent that value questions have been 
prominent in the nuclear debate. There have been internal 
debates and positions taken by religious groups such as 
the World Council of Churches and the National Council of 
Churches, with the latter more critical of nuclear power 
(National Council of Churches 1979) . Perhaps it was 
inevitable that a technology first used in weapons would 
be the subject of debates involving values from the very 
beginning. 
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0 „! reSld6nt Eisenhower's inauguration of the Atoms for 
Peace program in 1956 was praised as a clear demonstra- 
tion of the willingness of the United States to share the 
anticipated benefits of nuclear technology with the 
nations of the world that did not possess it. On the 

han ^' (1969) has emphasized the possible 

k nuclear wastes for future generations, an 
issue subsequently taken up by the Sierra Club but given 
Its most compelling expression in Weinberg's "Faustian 
bargain" metaphor (Weinberg 1972). issues of democratic 
P ° UtlCal accountability have also received 
considerable attention over the past decade (Green 1975 
Ebbin and Kasper 1974). /i5 ' 

«ffr 9t ,! SSi ^ na u heatings in 1973-1974 on nuclear power 
social f the contr °versy embraced a host of 

^ ' m ° ra1 ' and other issues about the 

o ? n ^ USe ° f technol °gy in a democratic society 

benefftf^ ! 80) % ^ nUClear -locates stressed the 
benefits that would accrue to human welfare through 

improving the standard of living, increasing the rate of 
economic growth, and achieving energy self-sufficiencv 

tio C ns ear th P T entS StreSSed the ineqU ^ t0 future g^; a - 
tions, the dangers to civil liberties and the democratic 

process, and the global threat of proliferation. 

cJr® ev * dence 30 far suggests that there is substantial 
oncern of an ethical nature among activist opponents of 
nuciear power, although the studies are, in ttepanel's 
judgment, too few and too limited to provide definitive 
conclusions on this hypothesis (see also Douglas and 
Wildavsky 1982). Hence, the resolution of the issues 

social La^fas" 77* Wil1 rSqUire attenti °n to broad 
social goals as well as to the narrower questions of 

safety and technology. 


INSTITUTIONAL CREDIBILITY AND DISTRUST 

concern over radioactive wastes, it has been 
. 68126 ' reflec ts a distrust of the institutions 

that manage them (Office of Technology Assessment 1982) . 
This distrust, it may argued, is part of a general decline 
in public trust of most social institutions, ranging from 
family to the federal government (Figure 2.6). 

r,„m Vlden< ( e - f0ir thiS h yP° thesis is forthcoming." Various 
public opinion polls have shown a long-term decline in 

oub i r^ 1 4 enCe 1 PeOPle have in governmental institutions, 
public officials, and the press. A 1976 poll revealed 
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that only scientists commanded "a great deal" of con¬ 
fidence on nuclear power issues (58 percent), with the 
Nuclear Regulatory Commission (39 percent), the President 
of the United States (24 percent), the heads of electric 
power companies (19 percent), and the companies that 
produce equipment for nuclear power plants (12 percent) 
lagging far behind (Harris & Associates, 1976, p. 29). A 
1980 survey of Wisconsin residents revealed that most of 
them did not believe that the government was moving fast 
enough to solve the problem or was interested in what 
local citizens thought about having a waste repository in 
their community. These respondents ranked the federal 
government behind the news media, university scientists, 
and environmental groups, and just ahead of friends and 
acquaintances, as the most reliable source of information 
about nuclear wastes (Kelly 1980). The Office of Tech¬ 
nology Assessment (1982, p. 31) also recently concluded 
that "the greatest single obstacle that a successful 
waste management program must overcome is the severe 
erosion of public confidence in the Federal Government," 
citing policy instability, the capacity of the federal 
government to implement policy, and perceptions of 
trustworthiness (pp. 31-34) . 

As inheritor of the Atomic Energy Commission's 
difficulties in waste management, the Department of 
Energy bears the burden of an unfortunate legacy. It is 
not surprising that the Keystone Group, composed of 
leading industry, environmental, and university repre¬ 
sentatives, could quickly agree that DOE's lack of 
credibility was a major obstacle to an effective waste 
management program (Keystone Group 1978) , or that a 1979 
General Accounting Office report suggested creation of an 
overall planning institution outside of DOE as a means of 
fostering public acceptance (General Accounting Office 
1979, p. 11). In this respect, current institutional 
changes may provide some opportunities, an issue the 
panel addresses in Chapter 6. 


METHODOLOGICAL AND DATA-BASE LIMITATIONS 

Despite this social research on public concerns about 
nuclear energy, the body of knowledge developed thus far 
is limited in two important ways in its utility to 
administrative policymakers. First, in a democracy the 
government's authority to control or shape public 
behavior is subject to constitutional constraints. Even 
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£ as * M 

"-f y r"* 61 * 

While such stulies have contrlbuild ^ OCeSSe * at 

oth r U ^^°°f face t a C probl^ S of i a n different a kind er9Y *" 

.o 

another m ne natlon ma Y not apply i n 

methodological difficulties a ofe Ve - S r dieS faCe the 

«^«“o2sr2S- ly ' 

campaigns. SS the SUCCess of ««* political 

parative spies'^ ^ n0t ' ° f C ° UrSe invali ^te corn- 
governmental structure 1 ^ 6 ^ ° f the 1 ; elationshi P between 

decision processes, 1SS Moreover^both 3 radioact; 6 d6Sign ° f 
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the reliability of the data and the legitimacy of policy 

inferences based on the data. ariorav itself 

The history of opposition to nuclear energy itsel 
demonstrates the fluidity of the public ^enda; the 

iss ssus ^ 

considerable (if deoliningl i■»»“t'.nuS.' 
but more detailed inferences «• *ar d et to ^ as 

, p r « — 1 

eff Demonstrations 1 and S c°ivil h disobedience exhibit even 

Sffu^ST^ -a 

of favorable circumstances such as weather o P 

°o f f r school year - -• 

under score 1 the 6 ir r egular nature of these -nts and thus 
the unpredictability of their occurrence. Final!Ly^the 
unpredictability as events is a major e threat of 

cower as a medium of social expression. The threat or 
violence in particular, commands media attention. 

change substantially over time, for reasons that “ r * 

poorly explained “ ^^“^e^tdinrof Poll 

^stioLTnd variation in * 

questions about nuclear power plants and their safety 

(Mitchell 1980, p. 12). data 

These questions about the quail y o P repub- 

rsz ... 

directions of public policy. The rise oi icv __ a 

nonetheless led to major adaptations of publicJ^iLl 
measure of the responsiveness of the America P 
process. 
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and cumntT t 31 ?° Wer ° f the ma 3°rity, the history 
wit-h f texture of American government is replete 
with instances in which well-organized minorities with 

and te t n h S e el L t held b f iefS have influenced the Igenda 

grouos and ih" ° g ° vernment - Studies of antinuclear 
si^v^f 6 i r actlvlties Provide measures of the inten- 

ty of opposition. The prominence of the nuclear con 

in°Ja e is S inq S its Ue ^ P “ t t0 the SU ° CeSS of this minority 

Indeed th 6SS ^ fl9Ute of merlt wl th which to keep score. 
"J* d ’ the emergence of quality of life and the ever- 
lower expectations of acceptable risk reflet- 4 n ^ 

s"‘°” 

r , s.J22,‘sr42 I 3*Jssr 2«.“ s 

new findings. In the judgment of the panel, extendina 
Splicatio S1 °" S ° f thiS b ° dy ° f researc h to policy 

is-is s srr.rr,;, 

These imperfections in quality of social scientific 

of social science^ interpretati °n of them, and the use 
anm k , ln governance all limit the policy 



42 


The diversity of research methods that has been applied 
to analyzing public concerns leads to qualitative rndrngs 
that are robust and that merit careful attention in t 
si't-ina of nuclear waste repositories. 


FINDINGS 


1 . while electoral, legislative,, and administrative 
behavior in the United States have historically demon¬ 
strated substantial support for the economic benefits of 
nuclear power, over the past 15 years (and particularly 
since 1979) this support has weakened * 

all three levels. In the same period, an articulate 
organized opposition has emerged, one with support among 
a significant minority of the population. 

2 There is widespread perception that nuclear en gy 
entails risks to health and safety. This Perceptionis 
exacerbated by the fact that most public groups do not 
distinguish clearly between the risks of 

and nuclear power plants. The extent to which fear over 
nuclear weapons enters into attitudes on nuclear wastes 
is dtfficuirto pinpoint, but it is undoubtedly an element 
in the formation of public opinion. Concer» 0B £; 

strophic accidents in nuclear power plants adds 
fears of technology. 

3 The level of knowledge about nuclear power and 
radioactive wastes remains low among the general Public. 
This limited knowledge, however, does not •*{£*“ J 
high level of concern. It is uncertain whether greater 
amounts of information would reduce or increasea public 
concern, but improved public understanding of waste 
management problems is a central need for “ 

informed public policy and a socially accepta 9 

ment program. , re> 

4. public concern and the perception of thr ® a bJ r ® 
exacerbated by mistrust of government in general * io 

the appearance of secrecy or desire to exclude the public 
from governmental decisions about radioactive waste an 
renository siting. 
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The Waste Management Network: 
The Role of Transportation 
and Repository Location 


The Nuclear Waste Policy Act of 1982 mandates that the 
President recommend a first site for the geologic 
posal of high-level radioactive waste no later than Ma 
31, 1987, and a second site no later than March 31, 1990. 
The placement of these sites will be part of a nuclear 
waste management system comprising reactors; transporta¬ 
tion casks, modes, and corridors; a repository; and, 
conceivably, interim storage facilities, reprocessing 
plants, or both. The geographical design of fc |j is "®^° rk 
will create social, economic, and institutional effect 
that deserve major consideration in the development and 
implementation of the Department of Energy's Mission 
Plan, which has been formulated to achieve the “tent of 
this legislation. Involved are such issues as the sched 
uling of spent fuel shipments from reactors, scheduling 
of waste emplacement in repositories, design of an 
efficient transportation system, development of an 
appropriate regulatory system, and development, if neces- 
sary, of interim away-from-reactor storage facilities. 

Chapter 1 noted that the assessment of socioeconomic 
effects at individual sites requires an understanding o 
the entire management network, not simply the reposit y 
site The panel examined the socioeconomic effects or 
the above-ground radioactive waste management system rom 
three perspectives; the number and location of reposi¬ 
tories* the type of transport used (rail or truck) to 
move fuel, and the effect of temporary above ground 
storage of waste in special facilities. Very litt 
analysis has been done on the socioeconomic effects 
associated with these choices. This restricted the 
panel's ability to develop definitive, quantitative 
estimates of alternatives and also narrowed the range of 
alternatives that it was able to assess. Instead, the 
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panel sought to identify the types of socioeconomic and 
institutional effects that may be expected to occur and 
the policy issues that will need to be addressed in the 
implementation of the Nuclear Waste Policy Act. 


THE WASTE MANAGEMENT SYSTEM IN OPERATION 

The production of electricity from uranium fission 
requires a fuel supply and preparation system, a power 
plant system, and a system for long-term isolation of 
spent fuel and radioactive by-products, with or without 
reprocessing. 

For many years it was assumed that all spent fuel from 
commercial reactors would be reprocessed to recover unjsed 
fissionable material. This has not happened, and spent 
fuel has accumulated at reactor sites pending a decision 
as to whether it will remain in long-term on-site storage 
or be shipped to interim or final disposal facilities. 
Commercial nuclear power reactors licensed, under con¬ 
struction, and planned as of January 1, 1982, are shown 
in Figure 3.1. 

Because spent fuel is highly radioactive, all opera¬ 
tions involved in moving it to interim storage or to a 
repository site for final isolation will require a high 
degree of care in handling, transportation, and disposal. 
Receiving the fuel at a repository site, for example, 
will require highly specialized operators, supervisors, 
and inspectors (U.S. Department of Energy 1979). In 
addition, if the number of power plants in operation 
increases from the current 79 to the projected 144, 
including those in existence, ordered, or under con¬ 
struction, the number of spent fuel shipments that must 
ultimately be handled will increase proportionately. 
Utility estimates provided to the panel called for these 
shipments to begin from 15 plants in the mid-1980s, 
growing substantially to shipments from more than 100 
plants shortly after 2000. If reprocessing or interim 
storage is added, this would increase transportation 
activities further. 

The siting of nuclear waste repositories will require 
the transportation of spent fuel across many states. 
Shipments through local jurisdictions at the outer fringes 
of the transportation network would be relatively infre¬ 
quent, but, within the main transportation corridors, the 
closer a community is to a repository site, the more fre¬ 
quently shipments pass by. Alternative designs of waste 
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transport and handling systems may vary significantly in 
their operational requirements, their effects on dif¬ 
ferent regions of the country, and their regulatory 
burdens. In this chapter, the panel considers the 
system-wide economic and social effects associated with 
the impacts of repository location and spent fuel trans¬ 
portation. In formulating a Mission Plan, the U.S. 
Department of Energy (DOE) will need to compare these 
effects explicitly with the site-specific effects (see 
Chapter 4) and geologic criteria used to assess individual 
proposed repository sites. 


A REFERENCE CASE 

By early 1983 there were 79 nuclear reactors with oper¬ 
ating licenses or authorizations, 60 with construction 
permits, 3 with construction permits pending, and 2 units 
on order. Of the 60 under construction, 54 are now more 
than 25 percent complete and, according to utility esti¬ 
mates (Behnke 1980), 39 of these are likely to be com¬ 
pleted. Thus, by the early twenty-first century, there 
are likely to be more than 100 reactors discharging spent 
fuel in the United States. The panel took an estimate of 
113 reactors as its reference case to identify socioeco¬ 
nomic and institutional considerations involved in 
deploying the waste management system. This estimate is 
close to the DOE's January 1983 preliminary low case 
estimate of 115 reactors by 2000 (Diedrich 1983). This 
is, therefore, a relatively low case assessment of 
potential effects related to program size. 

The Oak Ridge National Laboratory (ORNL) was asked by 
the panel to use its computer program and planning 
assumptions to provide detail on rail and truck access to 
reactors, transportation routes, transportation cask 
inventories, system costs, and transport speeds to several 
hypothetical sites stipulated by the panel. These cal¬ 
culations show the projected movement of spent fuel from 
operating and planned reactors to possible repositories. 
The volume of transported fuel is only that which must be 
shipped, owing to the exhaustion of spent-fuel pool 
capacity. The mix of rail and truck transport is based 
on the availability of rail access to a reactor; if such 
access exists, shipments travel by rail. Otherwise they 
travel by truck. (A least-cost mix would therefore 
probably involve a higher proportion of truck shipments 
than is given here, with shorter routes favoring truck 
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shipment and longer shipments favoring rail.) The number 
of annual shipments from 113 plants (a mix of boiling and 
pressurized water reactors), their transportation routes, 
distances, costs, and cask requirements are itemized for 
the years 1986 to 2004.* (Appendix A describes this 
analysis and the DOE data and planning assumptions.) 

Table 3.1 shows a set of radioactive waste management 
systems and the one chosen by the panel as its reference 
case. 


The Waste Funnel 

The transport of spent reactor fuel entails a variety of 
activities: loading on trucks or rail cars, or both; 
possible collection at depots or transfer points (for 
rail shipments); monitoring passage along highways or 
rail lines; and offloading at the storage facilities. 

This network of activities can be viewed as a "waste 
funnel" in which spent fuel from widely dispersed power 
plants is transported via waste corridors to one or more 
storage sites. The effects of this activity are thinly 
distributed at the network's many origins at the outer 
range (i.e., the wide end) of the funnel but increase 
rapidly as the fuel moves toward depots, heavily traveled 
routes, and repositories at the mouth of the funnel. 

In the past, DOE has assumed that 90 percent of spent 
reactor fuel and waste material would be moved by rail 
(DOE/EIS-0046F 1980, Chapter 4.5), an assumption that is 
consistent with planning in Western Europe and Japan, 
where essentially all spent fuel is shipped by rail. The 
primary reason for this is the scale economy of being 


*Time and resource constraints did not allow the panel to 
review the validity of each ORNL assumption or to adjust 
the timing and schedule assumptions that had been over¬ 
taken by events. The same constraints also restricted 
the number of variant cases that the panel could address. 
It should be noted that the appraisal of logistical 
properties of a radioactive waste management system was 
done not so much as a realistic scheduling exercise as to 
illuminate socioeconomic and institutional issues. The 
implementation of a waste program will necessarily involve 
a broader set of scenarios and deeper understanding of 
assumptions than has been possible in this review (cf. 
DOE/EIS-0046F 1980, Chapter 7). 
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able to move wastes from one year's operation of a 1000-MW 
pressurized water reactor with 7 rail shipments rather 
than 75 by truck (based on cask sizes from our reference 
case).* 

In the panel's reference case, a small number of rail 
and truck shipments would be required initially, but the 
number would rise with time, reaching a rate of 575 by 
rail and 2480 by truck in 2004 (Table 3.2). This suggests 
a 30 percent truck/70 percent rail system in terms of 
fuel carried. In the early years, many shipments would 
require at least some truck service, as only 8 of 24 
reactors expected to ship fuel by 1990 are currently 
accessible by rail (Appendix A and Tables A.l and A.7). 
Approximately 900 truck shipments and 44 rail cars would 
be required in that year, which implies a 63 percent 
truck/37 percent rail breakdown. 

Changes in the study assumptions could substantially 
alter estimated transportation requirements. If, as is 
likely, a new generation of truck and rail casks that can 
carry more spent fuel per trip is designed and licensed 
for older spent fuel, total cask requirements and numbers 
of shipments would be lower and capital costs could 
decline. If rail lines were to carry spent fuel on 
dedicated trains, transit speeds may change and carrier 
costs will increase. The panel recognizes that trans¬ 
portation technology, and especially cask design, is 
undergoing rapid change. Refinements and sensitivity 
analysis for costs and logistical requirements should be 
performed to assist DOE's preparation of a Mission Plan. 

This rate of waste movement, however, is for a system 
in which spent fuel is shipped to a repository in accor¬ 
dance with the ORNL planning assumptions. If the opening 
of a repository were delayed until the early twenty-first 
century, inventories of spent fuel would certainly be 
cooler (therefore more fuel could be transported in a 


*A boiling water reactor (BWR) would require a few more 
truck shipments because BWR truck casks used in these 
calculations hold slightly less spent fuel. Rail casks 
for the two reactor types have roughly equivalent capa¬ 
city. Data on shipment dates and quantities were 
originally supplied to Oak Ridge National Laboratory by 
the DOE's Savannah River Laboratory and its subcontractor, 
the S. M. Stoller Company. The data on required shipment 
dates and volumes have changed considerably in the past 
and are likely to change in the future (see Appendix A). 
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TABLE 3.2 Annual Spent Fuel Shipments to a 
Single Storage Facility 



Mixed 

Mode 

Truck 

Year 

Rail 

Tr uck 

Only 

1986 

11 

188 

312 

1987 

13 

575 

711 

1988 

29 

288 

612 

1989 

41 

1053 

1527 

1990 

44 

916 

1404 

1991 

58 

635 

1281 

1992 

90 

1214 

2202 

1993 

121 

1110 

2424 

1994 

166 

760 

2582 

1995 

217 

1385 

3765 

1996 

248 

1593 

4275 

1997 

273 

1348 

4314 

1998 

322 

1857 

5371 

1999 

396 

2030 

6322 

2000 

402 

1677 

6023 

2001 

514 

2145 

7699 

2002 

502 

2262 

7652 

2003 

532 

1903 

7655 

2004 

575 

2480 

8748 


SOURCE: Appendix A, Table A.3. 


single cask) but would have grown in volume to 8 times 
the annual generation of spent fuel in 2004. The rate of 
transporting this backlog will depend on future decisions 
concerning interim storage, longer at-reactor storage, 
cask technology, and reprocessing, but any backlog would 
add to the scheduling, logistical, and impact-related 
effects of the transport system. 


System Characteristics 

By the year 2004, there would be, in our reference 
system, 113 reactors shipping spent fuel, a combined 
truck/rail transportation system with average transport 
speeds of 6 mph for rail cars and 35 mph for trucks* 


*For the selection of rail and truck speeds, see pp. 77 
and 78 below. 
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(carrying 134 casks at any one time), and, at the reposi¬ 
tory, 1 rail and 3 truck handling bays in continuous 
operation accommodating a steady flow of spent fuel. The 
transportation system would pass through most of the 
states, whether they had operating nuclear power plants 
or not. The system would be required to have a high 
degree of reliability, under the probable close scrutiny 
of local officials and concerned public groups. 

Implications of differences in the design of an above¬ 
ground predisposal system, especially in the distribution 
of socioeconomic and institutional effects, have not been 
specifically addressed in previous analyses (such as the 
Generic Environmental Impact Statement, DOE's National 
Plan, DOE's National Siting Plan, or the Proposed General 
Guidelines for Recommendations of Sites for Nuclear Waste 
Repositories). We next examine several of the variant 
designs for our scenario of once-through spent-fuel 
management system handling discharges from 113 reactors. 


A SINGLE, CENTRALIZED REPOSITORY OR A REGIONAL SYSTEM? 

The Nuclear Waste Policy Act of 1982 calls for specific 
consideration of regional siting of nuclear waste reposi¬ 
tories, but most early site characterization, much of 
which predates this Act, has been concentrated in western 
states. The repository selection process will require 
consideration of many issues—the results of geologic 
characterization, the likelihood of finding more than one 
technically adequate site, the direct and indirect costs 
of the entire radioactive waste management system, and 
many of the socioeconomic issues addressed in this report. 
Here the panel viewed these options primarily from the 
point of view of the transportation system, recognizing 
that many subsurface technical and economic considera¬ 
tions must also enter into this choice. 

A possible waste management system would be one with a 
single repository located in the West. It is possible 
that the system will fail to develop beyond one single 
large repository. Alternatively it is possible that only 
western sites will be found for the first two reposi¬ 
tories. Such a system, with several repositories located 
in close proximity, would be essentially indistinguishable 
from the transportation-related effects of a single 
western site. 

The panel asked ORNL to use its model and planning 
assumptions to project the annual number of spent—fuel 


57 


shipments in the year 2004 to repositories at a western 
site in southern Nevada, in South Carolina, and in 

?Q«^ ern m I? iSSi88iPPi °" the GUlf COaSt (cf ' DOE/EIS-0046F 
1980). These repositories reflect no preference of the 

trat 1 th t0 locatlon '' the y are merely intended to illus¬ 
trate the range of differences associated with alternative 

3 3 “" S ; The flows of waste are shown in Figures 3.2, 

3.3, and 3.4. Summary data on the characteristics of the 
single repository system are provided in Table 3.3 (see 
Appendix A for full data sets). 

ORNL was also asked to use its model for a system of 

^hesTf r r P ° Sit0rieS ln the WeSt ' Midwest , and Southeast. 
T ese locations were picked to minimize the aggregate 

distances between nuclear power plants and repository 

Fiaure 9*1'n?* 1 ?' reflect no Preferences of the panel. 

gure 3.5 illustrates the transportation corridors for 
truck-only shipments to regional repositories. 

The site of the repository could well affect the mix 
of rail and truck transport used. Because truck shipment 

menr r r h COS h f ° r Sh ° rt haulS than is rail ahip- 

favor truek«° 1C h ° f reglonal repositories would tend to 
vor trucks, whereas a western repository would favor 
greater use of rail transport. 




In capital cost, the largest element of the transportation 
ys em is in the casks themselves (estimated at $1 million 
for a truck cask and $5 million per rail cask cf 
DOE/EIS-0046F 1980, Chapter 7).* P It !s unuLy^hat the 
combined cost of all other facilities-loading and unload- 

than^ouM' l° ad - traCt0rS ' and rail cars —would be more 
than double the investment required for the shippinq casks 

alone. Thus, the total capital cost for a spen^-fuel 


*ORNL provided the panel with rough estimates of the 

reau!red°tn S v 1981 d ° llarS and the number of casks 
requrred to ship spent fuel to a single (Tables 3.4 and 

and to multiple repositories {Tables 3.6 and 3 . 7 ) 

Because these estimates depend on many untested assump- 

differencpQ ^ P ““ arily useful for gaining insight into 
differences m relative magnitude. 
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reactors with rail service using rail; all others using 
purposes only). 
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reactors with rail ser 
oration purposes only) . 
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TABLE 3.3 The Radioactive Waste Management System: 
Summary Characteristics on the Reference System by 
the Year 2004i* 


[113 Reactors Discharge Approximately 3600 MTU, Based on 32 MTU 
(Average Mix of PWR and BWR) Discharge of Spent Fuel per Reactor Year^i 


Combined 

--—-——.. Rail/Truck 

Truck 

1. Number of shipments (-0.42 MTU per 
truck load; 4.2 MTU per rau _ar) 

575/2480 

8750 

2. Number of casks needed (centralized 
western repository) 

65/69 

220 

3. Cost of casks @ $1 million per truck, 

$5 million per rail cask 

394 million 

220 million 

4. Total capital cost of above-ground 
operations 

1.2 billion 

1.2 billion 

5. Number of workers per cask for transport 
operations (5 trip tenders 10-15 loaders 
and handlers) 

'• 20/15 

- 15 

6. Number of monitor regulators (needed to 
follow, report, and respond to mishaps) 

7 

? 

7. Cost of regulatory system 

? 

? 

8. Approximate level of operational activity 
at repository (with a single emplacement 
shaft): 



a. Number of emplacements per day 

(2 shifts per day) 

32 


b. Number of handling bays operating in 

parallel to maintain even flow 1 

Rail bay 


3 

Truck bays 

5 Truck bays 

c. Maximum number of emplacements per yr 

9600 


9. Number of reactors served by one shaft 

(@ 9600 casks per year, 7b casks per reactor) 

128 


10. Total number of shafts required in simultaneoi 
operation 

us 

1 

—.....IL 


-The estimates of summary characteristics ii 
defined by consultation with ORNL and other 
are in 1981 dollars. 


this table are those of the panel 
(particularly industry) sources; the costs 


These estimates are based on the annual discharges of 
reactors with no older spent-fuel backlogs. 


spent fuel from 113 1000-MW 


transportation system is not likely to exceed $1.2 
billion.* 


This estimate is based on discussions with executives at 
Tri-State Motors and with staff at ORNL. The logic is as 
follows. Historically the cost of tractors and trailers 
has been on the order of 0.1 the cost of shipping casks. 
This relationship could change with possible requirements 
for more sophisticated equipment. But it is extremely 
unlikely that tractors and trailers could exceed 0.2 the 
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Shipping costs in a single repository system are esti¬ 
mated at $102-177 million per year, depending on 
location. The higher figure is for a Western site (Table 
3.4). In either a truck-only or mixed truck/rail system, 
total transport miles to the southeastern or midwestern 
sites would be less than half that of the mileage asso¬ 
ciated with the western site (Table 3.8). In a regional 
system, total shipment costs would, in our reference 
case, total only $71 million in 2004, reflecting both 
lower carrier and cask leasing costs. These conclusions 
are generally consistent with the findings of a 1979 
Office of Nuclear Waste Isolation (ONWI) study, which 
found that optimal regional siting of two to three reposi¬ 
tories would decrease transportation costs and risks 
relative to those for a single site by as much as a 
factor of 2 (Kirby et al. 1979). The panel cautions that 
these transportation cost considerations must be weighe 
against many other considerations, technical, social, and 
economic, in the choice between regional repositories and 
a single national site.t 


Social and Institutional Effects 


In the case of a single western repository, each state, 
except for a handful in the Mountain or Great Plains area 
would be crossed in the transport system. The waste 
transport funnel would expose many states—including some 


cost of casks even assuming a single tractor-trailer 
combination for each cask, which is also unlikely. 
Similarly, it is difficult to imagine that the aggregate 
cost of all the other handling equipment could exceed the 
cost of the tractors and trailers. Assuming as a "worst 
case" that the handling equipment equals the tractors and 
trailers in cost, and rounding upward to recognize the 
uncertainty in the estimates, the total cost for all 
noncask facilities and equipment is roughly half that of 

the casks. . 

If this logic is even approximately correct, doubling 

the estimated aggregate cost of casks should provide a 
very conservative upper bound for the full capital cost 
of a spent-fuel transport system, exclusive of the 
repositories. 

tMcSweeney and Peterson (1983) estimate the cost of 
repository development at $5 billion. 
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that may not generate spent fuel—-to nuclear transport 
hazards (however small) and to regulatory and emprgency 
response responsibilities. 

For a site in Nevada, the states of Utah, Colorado, 
Nebraska, Arizona, and New Mexico might face significant 
transportation-related effects. For other proposed 
centralized sites, the burdens fall differently. A 
repository located in South Carolina, for example, would 
create waste corridors through Georgia, North Carolina, 
and Virginia, whereas a Gulf Coast site would affect 
Mississippi, Alabama, Tennessee, and Virginia. For a 
western site, Iowa would see considerable traffic, whereas 
Kentucky would see almost none. In the South Carolina 
case, the reverse would be true. Alternative repository 
locations may be expected to produce different systemwide 
effects with implications for interregional equity 
(Kasperson 1983) . 

The transport mode can also affect these impacts. 

Later in this chapter a variety of obstacles to a 
predominantly rail transportation system are noted. 

Since extensive use of truck transportation appears quite 
possible, the panel requested ORNL to use its model to 
project some of the characteristics of truck-only 
transportation. Figures 3.6, 3.7, and 3.8 show possible 
routes along interstate highways. Many of the state-by- 
state differences that were apparent earlier are still 
evident, although the number of individual shipments on 
each highway can be seen to be much greater if the widths 
of the bands defining the routes to each repository are 
compared for rail/truck and truck-only systems (e.g.. 
Figure 3.2 versus Figure 3.6).* The total number of 
truck shipments in such a system would increase at a rate 
of about 500 loads per year to a level of about 9000 
shortly after the turn of the century (about one per 
hour).t 

The increased frequency of shipments associated with 
all truck transport could be quite visible and could 


*Note the differences in scale of shipments for 
truck/rail versus truck-only maps. 
tTo place these numbers in perspective, some 1530 
shipments per hour of gasoline, 341 shipments per hour of 
propane, and 6.3 shipments per hour of liquid chlorine 
were projected to be leaving various depots via truck or 
train in 1980-1985 (Rhoads 1978, PNL 2133; Geffen 1980, 
PNL 3308; Andrews 1980, PNL 3376). 
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distances and the fewer states and communities involved 
in waste transport. 

These potential advantages need to be assessed at 
length and placed in a broader context. rf . 

system requires finding individual sites within different 
regions. This would more visibly demonstrate that all 
parts of the country would share in radioactive waste 
risks and burdens, thereby offering the opportunity to 
lessen social conflict. On the other hand, disputes 
could occur more frequently in the sea rch foi 
sites as opposed to a single national faciliy. 
trade-offs are highly uncertain and worthy of further 

investigation. . , .. 

The institutional effects of facility location and 
transport should be carefully appraised by DOE in 
formulating its Mission Plan. State and local ^ , 

tory, monitoring, and emergency response capabilities and 
responsibilities, in particular, will need to be con¬ 
sidered (Church and Norton 1981, Norton 198 >■ 

The extent of these probable institutional impacts 
difficult to discern. Railroads have a traditional legal 
history of independence from local and state regulation. 
Yet the duration of rail stops appears to have a large 
impact on both cost and risk (McSweeney and Peterson 1983) 
and could lead to substantial local concern at semiurban 
marshalling yards. A predominantly truck system would *>® 
less complex in its routing than a mixed-mode system, but 
the increased number of shipments could provoke more state 
and local monitoring. How adequately these different 
costs can be met by normal inspection and emergency plan¬ 
ning should be the subject of further analysis. 

Some states would be quite differently affected than 
others. New Hampshire, for example, recently disbanded 
the radiological division in its public health department 
as a cost-cutting measure, and the state might have 
culty resuming this activity. The Midwest would be con¬ 
fronted with greater monitoring and regulatory costs 
regardless of the transport mode used, given a western 
site (Windham 1981). In a decentralized, regional 
system, the number of states affected drops signifi¬ 
cantly, and those affected are already likely to have 
nuclear reactors. These states are already required to 
respond to emergencies at nuclear plants and , av ®.® ® a 
start putting in place appropriate plans and institutions. 
All states, of course, must deal with broader hazardous 
waste transport issues. 
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Overall, the panel finds a number of socioeconomic and 
institutional effects associated with a single or central¬ 
ised repository system and the waste funnel such a system 
would create. Prominent among these effects would be 
greater regional inequity, higher shipping cost, and 
arger potential regulatory and emergency response burdens 
along the transport corridor. The panel considers 
regional equity, with its potential for co-location of 
costs, risks, and benefits (whatever they are and however 
they may be defined), as an important and possibly neces¬ 
sary ingredient in achieving social consensus on a nuclear 
waste management program. The number and location of 
acilities may affect levels of public concern. Finally, 
the transport corridor considerations affecting cost, 
socioeconomic effects, and institutional burdens have 
received relatively little attention and should be 
addressed more fully in the siting program. 


TEMPORARY STORAGE PRIOR TO PERMANENT ISOLATION 


Temporary storage and the possibility of reprocessing 
have not been explicitly considered in our assessment of 
facility location and transportation. One proposed 
radioactive waste strategy involves interim storage of 
spent fuel at away-from-reactor (AFR) facilities prior to 
permanent isolation. Handling of spent fuel in the AFR 
option would involve two major steps: first, transfer of 
spent fuel from reactors to one or more above-ground 
away-from-reactor storage facilities, second, transfer of 

IrJ M U *i AFRS and reactors when repositories 

are able to accept shipments. Reprocessing could add 

° omplexit y* In the AFR case, temporary storage 
would relieve reactor operators of the need to expand 
existing pool storage capacity, ship to other fuel pools, 
re-rack fuel to accommodate more fuel in existing pools, 
transfer to dry storage in on-site, air-cooled facilities, 
or, if none of these are possible, shut down the reactor. 

n the event that a waste repository were opened in 
the early 1990s and dry storage is not possible, some 
limited amount of spent fuel might be handled in a single, 
small AFR. This has been provided for in the Nuclear 
Waste Policy Act of 1982. With such a facility serving 
roughiy 10 to 15 reactors, transportation requirements 9 
would be only moderately higher than in either the single 
or multiple repository systems. The AFR system could 
become substantial, however, if repositories could not 
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receive fuel until the early twenty-first century or 
innn-fArm on-site storage capacity is not developed 


With several small regional AFRs, there would be fewer 
transportation requirements initially than for a single 
national repository, but once a repository (or more than 
one) opens, these rates will be significantly higher than 
in either of the direct reactor-repository transport 
systems. If fuel arrives at repositories more quickly 
than it can be loaded into the repository, at-repository 
above-ground storage capacity may be needed. If it is 
possible to defer the AFR decision through expanded 
on-site storage capacity until potential repository 
locations become clearer, transportation costs and risks 
might be reduced through co-location of interim storage 
and final disposal. 


Costs 


Costs involved in the interim storage option would 
probably be distributed quite differently from costs for 
alternatives involving direct shipment to either regional 
or national repositories. The capital costs of an AFR 
storage facility for a large number of reactors might 
well be less than for equivalent pool storage at the 
reactors (Ghovanlou et al. 1980), although this may not 
apply to dry-storage techniques, and these costs would be 
increased when unpacking of AFRs begins and the extra 
handling and transportation costs are added to those 
innnrrpri for direct reactor-repository transport. 


Institutional Effects 

Temporary storage of spent fuel has the potential for 
both reducing or increasing institutional problems. 
Temporary storage of spent fuel prior to permanent 
isolation could add to long-term regulatory burdens on 
state governments because of increased transport levels 
in a reactor-AFR-repository system. It could, if located 
away from reactors, relieve utilities of procedural and 
logistical difficulties in expanding on-site storage 
capacity. At the same time it might also allow for 
additional time for planning and siting repositories. 

AFRs could prove quite difficult to site, just as any 
nuclear facility is, but also because of the probable 
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need to ensure that they will not become de-facto 
permanent repositories. 

A further consideration involves the adequacy of 
financial resources needed for more complex spent-fuel 
management systems, doe’s National Plan estimates the 
cost of a fully operational radioactive waste system at 
$30 billion (1980-2000) in 1980 dollars; with different 
assumptions, the Congressional Office of Technology 
Assessment has estimated these costs in the tens of 
billions of dollars. There is also the possibility that 
these costs may be significantly underestimated, and, in 
that context, there will be a temptation to postpone com¬ 
mitments of resources needed for a full-scale program. 

AFR storage could add to that uncertainty. The Nuclear 
Waste Policy Act provides little guidance to the DOE on 
criteria for accepting fuel into a federally operated AFR 
or for scheduling shipments from reactors and AFRs to 
permanent repositories. The logistical and institutional 
issues involved therein require careful attention and 
should be studied by DOE in its preparation of a Mission 


TRANSPORT MODE 

Earlier in this chapter it was noted that DOE planning 
assumed that as much as 90 percent of spent fuel would be 
moved by rail rather than truck (DOE/EIS-0046F 1980, 
Chapter 4.5). The panel, however, raises a number of 
questions concerning this assumption. 

Rail transport of spent fuel has several advantages 
over truck transport, primarily those associated with 
economies of scale. Current rail casks carry ten times 
as much spent fuel in a single car as a truck cask, and a 
new generation of truck and rail casks sized and designed 
for aged spent fuel will likely preserve this relative 
advantage. Handling costs for loading spent fuel at 
reactors and unloading at repositories (or AFRs) are sub¬ 
stantially less per kilogram for rail than for trucks. 

The physical economies of rail transport also mean fewer 
border crossings, less overall health and safety risk, 
and associated institutional burdens than would be true 
if the same fuel were shipped by truck. 

Other potential advantages of rail transport, however, 
may not translate into financial savings. The economics 
of rail and truck shipment is very sensitive to average 
transport speed. For normal freight, average truck 
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speeds favor truck over rail by a factor of nearly 6 (35 
mph versus 6 mph, although hazardous cargo is carried 
more quickly by both). (For rail speeds, see Wilmot et 
al. 1983 and Anderson 1978.) These speeds are currently 
the basis for DOE planning and are imbedded in the ORNL 
model used for the logistical calculations given in this 
report. At the speeds given above, there is little 
difference in average shipping costs for rail and truck. 

Based on experience with hazardous cargo, expedited 
service can move freight as quickly as 12 mph. This . 
would not reduce carrier costs but would cut cask-leasing 
costs. For shipments longer than 1000 miles, this might 
translate into a 30 percent savings for rail. Special 
trains are a further option, but because of their high 
cost would boost shipping costs beyond even transcon¬ 
tinental truck shipment.* 

State and local monitoring of shipments and develop¬ 
ment of emergency response capability are considerations 
for both rail and truck. The two modes require different 
oversight systems. Traditionally, state and local govern¬ 
ments have had little role in regulating rail shipments 
of any commodity, but one recent court found that the 
local community in that case had some jurisdiction over 
hazardous material routing. In that case, truck ship¬ 
ments were affected, but such jurisdiction could con¬ 
ceivably be extended to the rail system as well (Church 
and Norton 1981) . 

Institutional difficulties associated with rail trans¬ 
port appear to be more formidable than those of truck 
transport (see Chapter 5). Command and control systems 
for hazardous material transport are developed, to some 
extent, for truck shipments, less so for rail. Moreover, 
several trucking companies now offer spent-fuel transpor¬ 
tation service, and costs appear to be lower than those 
used in our calculations. Spent-fuel casks are also 
available for truck shipments. It is unclear how quickly 
they can be made available for rail service. In addition, 
the Association of American Railroads has informally 


*One means for reducing this differential, however, would 
be to utilize a larger number of casks in a single ship¬ 
ment. For example, 10 casks in one train would reduce by 
70 percent the unit cost associated with shipping a single 
cask by special train (private communication from Jon 
Cashwell, Transportation Technology Center, Sandia 
National Laboratories). 
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indicated that its members would prefer not to handle 
S p en t-fuel shipments as normal or expedited freight. The 
primary concerns of the railroads, described recently 
by Sandia Laboratories (Klassen 1982) are three: (1) as 
long as there are any conceivable accident situations 
that could lead to cask failure, the casks are not safe 
enough to be transported by ordinary trains; (2) in the 
event of an accident, the Price-Anderson Act and existing 
insurance might not provide an adequate amount of 
liability insurance protection; and (3) an accident might 
lead to a prolonged shutdown of all transport operations 
because of delay by nuclear regulatory authorities in 
reopening the track. The use of special trains might 
resolve their concerns, although at high cost. A recent 
Interstate Commerce Commission ruling, upheld by the 
courts, has disallowed railroad attempts to require 
special tariffs and status for spent-fuel and radioactive 
waste shipment, so railroads may lack the institutional 
capability to prevent such shipments. Nevertheless, the 
railroad industry lacks a strong financial incentive to 
become heavily involved in spent-fuel transportation, 
and, in the face of that, the extent to which an incen¬ 
tive to manufacture or use rail casks exists in the 
United States is unclear. 

In general, it appears to the panel that the lack qf 
rail access to a number of reactors, unresolved institu¬ 
tional difficulties, and the reluctance of the railroad 
industry to transport spent fuel makes the achievement of 
DOE's 90 percent rail/10 percent truck planning hypothesis 
questionable. We have not found a basis for recommencing 
a particular alternative mix, but the strong possibility 
of much greater truck transportation certainly exists, 
along with its particular set of risks and institutional 
impacts, and deserves further attention by DOE. 


FINDINGS 

In its identification of the socioeconomic and institu¬ 
tional issues associated with the deployment of a network 
of waste facilities and transport links, the panel made 
use of rough estimates of the scale and timing of spent 
fuel discharges from power reactors and of transport 
routing and costs. Only one level of potential nuclear 
power production, involving 113 reactor units, was 
examined. The estimates did not include the handling of 
wastes from military programs, nor did they include a 
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system involving reprocessing of spent fuel. Further 
analysis is needed to consider how these aspects of a 
nuclear waste storage system increase the effects 
identified here. 

On the basis of its analysis, the panel concluded the 
following: 

1. A substantial disparity exists between the amount 
of research effort expended on technical aspects of under¬ 
ground nuclear waste storage and the limited efforts 
expended on the above-ground design of the waste system. 
Specifically, the socioeconomic and institutional issues 
associated with facility location and transport modes, 
routes, distances, and scheduling require greater atten¬ 
tion than they have received to date. While the panel 
believes that the logistical and institutional challenges 
can be met, it finds substantial tasks ahead that merit 
attention in a formulation and implementation of a 
national radioactive waste management strategy. The 
panel also emphasizes that the kinds of problems involved 
are not readily amenable to technical solutions; they 
must be considered in the overall system design and in 
institutional policies that include socioeconomic as well 
as technical criteria. 

2. The socioeconomic and institutional effects 
associated with the network of nuclear waste facilities 
and transportation are quite sensitive to the number and 
location of repositories. These effects, as suggested by 
the panel's analysis, include transport-system complexity, 
shipping costs, public concern and conflict, vulnerability 
to possible transport-system bottlenecks, and institu¬ 
tional burdens on states and localities. One problem— 
interregional inequity—viewed as particularly important 
by the panel, could be minimized through regional siting. 
The relationships between these factors and effects have 
received only limited research attention and require fur¬ 
ther explicit analysis. They will also need to be weighed 
against geologic criteria and overall waste management 
system costs. 

3. The socioeconomic effects of establishing temporary 
away-from-reactor facilities for interim storage depend 

on specific assumptions and scenarios chosen and are at 
present not well understood. Whether such storage facil¬ 
ities are co-located with repositories, located at 
reactors, or located away from both repositories and 
reactors appears to affect significantly total system 
transport costs, regulatory and emergency response 
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The Waste Repository Site: 
Characteristics and 
Socioeconomic Considerations 


There are a number of reasons for concern with the 
socioeconomic impacts of a waste repository. Social 
justice considerations, for example, would argue that we 
attempt to restore the status quo in locales that are 
subject to an imposed change. Distributive justice 
concerns would dictate that we try to avoid impact to 
communities already suffering some relative inequity 
(low—income populations, for example) or an uncompen- 
satable effect. Economics demands that we anticipate the 
costs of new facilities (planning and actual utilization) 
so as not to produce a "boom and bust" phenomenon. 
Finally, practical politics would argue that we should be 
sensitive to the needs of local areas, particularly if 
there is some likelihood that impacts (or potential 
impacts) will generate rancor and ill will. 

Recognizing the importance of socioeconomic impacts at 
repository sites doesnot mean that we can identify what 
the impacts are or know how we should deal with them 
(through mitigation, compensation, or override, for 
example). However, previous research indicates several 
steps that can be taken. First, we can summarize what we 
know and do not know about the effects of large-scale 
industrial facilities. This does not necessarily provide 
site-specific data, nor does it identify which impacts 
may be perceived as most important for a given locale. 
Second, we can involve local potentially impacted popu¬ 
lations in the identification and mitigation process. 

This form of iterative planning is increasingly common 
for public facilities, and nuclear facilities in par¬ 
ticular (NUREG/CR-2750)• It is premised on increased 
awareness of the unique perspective of local citizens in 
defining key community characteristics (and, therefore, 
those characteristics that, if affected, will alter 
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community life) and in establishing the costs or other 
mitigating structures that will satisfy the need to main¬ 
tain community integrity. Indeed, some have argued that 
the planning of facilities should be an opportunity to 
improve the quality of life for communities rather than 
simply to "make them whole" again (Seley 1983). The 
third, and final, step is to compare the results of 
several community-specific impact assessment procedures. 
Depending on the particular consideration (social jus¬ 
tice, distributive justice, economic, political) applied, 
it is then necessary to choose a site based on explicit 
reference to the consideration and the identified impacts. 
For example, it would be ideal to be able to devise an 
index of socioeconomic impact criteria for each potential 
host site and then compare these across sites in terms of 
social justice and other considerations. The resulting 
matrix (impact on one dimension, social or distributive 
justice criteria on another) would yield a least-cost 
approach from both sponsor and community perspective. 

Unfortunately, the state of the art of impact assess¬ 
ment is not sufficiently advanced to provide such a 
matrix. Thus, we are left with a research and policy 
void that must be filled to make socioeconomic impact 
assessment both possible and relevant. Nonetheless, we 
can identify a list of impacts to look for and review 
some of what is known about their measurement and iden¬ 
tification to guide further research. The rest of this 
chapter is devoted to this review. 

It will be seen that the U.S. Department of Energy 
(DOE) and others have already initiated research relevant 
to effect identification. It is the first step of the 
three-step process outlined here. We recommend that the 
integration of socioeconomic criteria into the site- 
selection process for a high-level waste repository focus 
additional attention on the other two steps in the 
outline—design of an iterative assessment and mitigation 
process and identification and comparison of criteria for 
selection—before impact assessments are devised or 
utilized. In particular, we recommend study of the U.S. 
Army Corps of Engineers' program of citizen participation 
(Hanchey 1975, Ragan 1975) and a review of ongoing siting 
efforts in regard to hazardous chemical waste repositories 
that employ local boards of various types to elicit local 
attitudes and integrate local concerns (the laws in 
Massachusetts and Wisconsin merit particular attention). 

Repository sites for the long-term isolation of 
high-level radioactive wastes will be primarily in rural 



areas, and the planning, construction, and operation of 
the repositories will result in significant socioeconomic 
effects.* These effects will be of two kinds: those that 
occur when any large-scale industrial facility is located 
in a rural community (hereafter conventional effects) and 
those that arise as a result of the special characteris¬ 
tics of a repository for radioactive wastes (hereinafter 
special effects). Assessing either type of effect is 
difficult for a number of reasons (Finsterbusch and Wolf 
1977, Peelle 1979, Finsterbusch 1980) . 

In addition to the uncertainties inherent in predicting 
social attitudes and behavior, many reactions occur during 
actual construction and operation (Cluett et al. 1980). 
Hence, findings from surveys of opinion about anticipated 
projects are only loosely correlated with findings from 
later surveys conducted during construction and operation. 
The manner in which a facility is planned and introduced 
can have a significant influence on public perception of, 
and response to, its effects. In addition, a single 
accident at the site or along the transport corridor may 
generate psychological stress that will alter the scope 
and magnitude of some (or possibly all) other effects. 

Even a harmless accident incorrectly reported as poten¬ 
tially dangerous can result in stress and behavioral 
response owing to the volatility of the nuclear issue 
(see Chapter 2). The 1982 Court of Appeals ruling (People 
Against Nuclear Energy v. NRC, U.S. Court of Appeals, 
District of Columbia Circuit, Intervenors #81-1131, May 
14, 1982), despite its having subsequently been over¬ 
turned by the U.S. Supreme Court, underscores the 
significance of psychological factors in the aftermath of 
accidents. 

Adding to the difficulty is the lack of a common 
standard by which to compare effects once they are 


*Within social science and government, it has become 
common to use the term "impact" to refer to the effect 
(positive or negative) that a project or program has on 
people or environments. We produce environmental impact 
statements, social impact assessments (SIAs) and measure¬ 
ments of socioeconomic impact in what has been an expand¬ 
ing field of study. To avoid jargon and because it seems 
more neutral, the panel uses the word "effect" wherever 
possible in this report. Some may prefer to read in the 
work "impact" where we have used effect, which should not 
change the intended meaning. 
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defined. How should social change be weighed against 
economic change? How should social change in one locale 
be compared with social change in another if the nature 
of the change is different? The panel cannot provide 
answers for these thorny questions, nor can it provide 
assurance that answers will be provided by others; it 
does, however, identify them as major socioeconomic con¬ 
siderations in the repository decision-making process. 

While there are important impediments to any attempt 
to weigh and compare socioeconomic effects, enough knowl¬ 
edge does exist to categorize them. In this chapter the 
panel provides a description of a repository site and 
explores the nature and magnitude of the effects that are 
likely to occur and the adequacy of our knowledge about 
them. 


THE REPOSITORY SITE: A DESCRIPTION 

The DOE's standard design for a repository includes 
surface facilities for receiving and handling radioactive 
wastes and a subsurface area of approximately 2D00 acres 
for waste emplacement. The surface facilities will 
consist of a fenced area of about 400 acres and include 
unloading areas, water and sewage treatment plants, and a 
number of buildings (Figure 4.1). After the 30-40 years 
postulated for repository operation, only a small monitor¬ 
ing building is expected to be required at the site 
(Office of Nuclear Waste Isolation 1981). 

The size of the repository will vary according to the 
degree of centralization of the waste management system, 
the total amount of waste involved, temperature considera¬ 
tions, and the size of the buffer zone. Spent fuel will 
arrive in shipping casks by rail, truck, or possibly 
barge, in amounts dependent on the waste system design. 

Once at the site, the shipping casks will be removed 
from the carrier by crane and moved to shielded transfer 
cells. The remainder of the above-ground operation con¬ 
sists of moving the canisters to a shaft through which 
they will be lowered into the repository. 

Construction of the repository, the shafts, and the 
surface facilities will take an estimated 7 years after 
the site has been selected and will require an estimated 
1700 construction workers if the repository is located in 
salt and an estimated 4200 workers if the repository is 
located in hard rock. Maintenance workers—those who 
would be needed for the 30-40-year operation phase—are 
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projected to number between 870 and 1100 (Office of 
Nuclear Waste Isolation 1981). The site will also like^Y 
require monitoring for a lengthy (50-100 years) period of 

t ime. t 

DOE's socioeconomic characterization of reposi ory 
sites in southeastern, midwestern, and southwestern 
locations provides general descriptions of population, 
employment, education, and housing at the sites Table 
4.1). While such data can be useful, particularly m 
determining economic effects, they are inadequate 
indicators of the range of a repository's socioeconomic 
effects. The following section discusses a number of 
economic and noneconomic effects that depend on more than 
the size of the in-migrant worker population. 


CONVENTIONAL EFFECTS 


The magnitude and distribution of the conventional 
effects of a large industrial facility in a rural a e 
are a function of three primary variables: the character 
istics of the project; the characteristics of the site 
area and population; and the characteristics of workers, 
their families, and others attracted to the area by the 
project (Leistritz and Murdock 1979, 1981; Thomas et al. 
1982b). The major conventional effects to be expec e 
arp shown in Table 4.2. 


Economic Effects 


Construction and operation of a radioactive waste reposi¬ 
tory will have direct and indirect effects, including 
changes in employment patterns, property values, the 
costs of goods and services, and the level of economic 
activity, that can be expressed in marketplace terms. 

Many of these effects can be projected on the basis of 
the expected number and characteristics of new workers or 
the requirements for building and maintaining t e repos 
tory (Greene and Hunter 1978). The rates of change, 
however, are more difficult to anticipate but are perhaps 
even of greater importance to the host community. ome 
economic effects would be the result of voluntary r ® ac 
tions (e.g., growth, speculation in land prices, an n 
investment patterns) to the local economy. 

The U.S. Department of Energy (1981) has estimated the 
sizes of in-migrant populations for repositories m 
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making period, residents in the vicinity of the candidate 
sites are likely to place less emphasis on property 
maintenance (Miller 1971) , properties will be hard to 
sell (Corrigan 1976), and economic development is often 
hampered. The effects of uncertainty will be felt most 
strongly by residents with fixed incomes. There may be a 
significant trade-off, however, between the economic 
costs of a large number of potential sites and the 
political costs of a small number of sites (Ghovanlou et 
al* 1980). As noted in the previous chapter, while 
multiple repositories would generate adverse socioeconomic 
effects at more sites, they have potential for reducing 
overall regional inequities, transport system costs, and 
state emergency response burdens. 

Several conclusions can be drawn about the likely 
economic effects of a radioactive waste repository: 

1. The effects are potentially large, involve 
uncertain rates of change, and are sufficiently complex 
that they cannot be projected from population increases 
alone. 

2. Some effects will not be apparent until the 
construction process actually begins, thereby implying 
that some means of monitoring and responding to effects 
at site are needed (Wolf 1974, Cluett et al. 1980). 

3. The site-selection procedure mandated in the 
Nuclear Waste Policy Act of 1982 will impose adverse 
effects (e.g., community conflict, speculation) on the 
candidate host sites as well as on the site finally 
selected. A decentralized waste system could well add to 
these site effects, although compensating with advantages 
in overall socioeconomic and institutional effects. 


Environmental and Health Effects 

Nonradiological environmental and health effects arising 
from the construction and operation of a repository 
should be no more severe than those of most large con¬ 
struction projects. This appears also to be true for 
nuclear power plants (Chalmers et al. 1982). 

The measurement of environmental and health effects 
requires two kinds of standards: (1) professionally 
established norms for such effects as noise and air 
pollution and (2) standards established by the community 
on how much noise and pollution residents are willing to 
tolerate. Professional standards are useful in providing 
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outer boundaries for changes that do not produce mea¬ 
surable harm; community standards represent tolerance 
levels . People are sometimes willing to tolerate far 
greater levels of "nuisance" (such as noise in New York 
City or rock music) than professional standards would 
specify as healthy. People in rural areas and small 
communities may be more sensitive to artificial environ¬ 
mental changes and less tolerant of environmental damage 
than people in urban areas. This implies that community 
standards may often be more important than professional 
standards (Saarinen 1976) . 

Community standards for individual pollutants or over¬ 
all environmental impact are most commonly estimated by 
using changes in property values as an indicator of 
personal sentiments, although the application of this 
measure is not definitive. In general, application of 
this standard suggests a correlation between actual and 
perceived levels of pollutions (Pearce 1978a). As 
suggested in Chapter 2, public concerns over radioactive 
wastes indicate that perceptions will be important. 

Should high community standards override all other 
standards where the community is especially sensitive, or 
should a lower professional standard prevail across all 
communities? This type of question has, of course arisen 
in other contexts—such as the search for a generally 
applicable legal definition of obscenity—but has been 
difficult to resolve. 

Professional standards are not much easier to develop 
and apply than community standards. Noise and air pol¬ 
lution, for example, have been studied extensively in an 
attempt to establish professional standards. Researchers 
have attempted to model the effects of such pollutants, 
placing a monetary value on the magnitude and scope of 
the pollution. But as Pearce (1978a) points out, such 
efforts deny the variability of impact. Units of noise, 
for example, cannot be assessed at the same price regard¬ 
less of how much is "consumed" by an individual. We know 
that certain levels of noise will cause stress, loss of 
sleep, and other social, psychological, or economic 
effects (U.S. Environmental Protection Agency 1973), but 
noise is experienced differently by various segments of 
the population. In addition, the volume, pitch, and 
duration of individual noises can cause specific 
reactions. 

Similarly, air pollution involves estimation and 
assessment difficulties. Obvious physical damage can 
result from air pollution—corrosion, paint damage, 
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soiling of laundry, and soiling of windows or building 
interiors are all measurable indicators with measurable 
costs. Respiratory and other diseases have been linked 
directly to air pollution, although the time scales 
involved make causality difficult to determine precisely 
in some instances. But despite the fact that some of the 
consequences of air pollution can be identified, the 
measurement technique used in any study can have a sig¬ 
nificant effect on its results and conclusions (Pearce 
1978b). 

Efforts have been made to link professional and 
community standards through attempts to regulate levels 
of environmental and health pollution. For example, the 
Environmental Protection Agency published noise standards 
in 1974 that set an L dn (day-night average sound level)* 
of 45 dBA indoors and 55 dBA outdoors for residential 
areas, hospitals, and schools (U.S. Environmental 
Protection Agency 1974). The National Research Council 
has estimated that at 55 L dn a community will generally 
not react to noise exposure, while at 75 L dn and higher 
a community can be expected to react strongly (National 
Research Council 1977). Almost all heavy trucks and 
construction equipment exceed that noise level at a 
distance of 50 feet or less (U.S. Environmental 
Protection Agency 1972). The construction equipment at a 


*An EPA Aircraft/Airport Noise Study Task Group has 
assessed the impact of cumulative noise exposure on 
annoyance (U.S. Environmental Protection Agency 1973) . 
Their conclusion was that the "energy" equivalent, or 
average, A-weighted sound level, taken over a 24-hour 
period, with a 10-decibel penalty applied to nighttime 
sound levels, is the simplest noise measure that provides 
high correlation with annoyance, complaint behavior, and 
overt community reaction (Von Gierke 1973). This measure 
was named "day-night average sound level," or L dn . 

Sound-level meters typically contain three different 
response weighting networks: The A, B, and C networks, 
with the A used most commonly. When using the meter on 
the A weighting, the quantity obtained is the A-weighted 
sound level. Its unit is the decibel (dB) most popularly 
referred to as dBA (U.S. Environmental Protection Agency 
1973). The 10-dBA nighttime penalty applies to sounds 
measured between 10 p.m. and 7 a.m. Thus, a 40-dBA sound 
after 10 p.m. is counted as a 50-dBA sound (Finsterbusch 
1980). 
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radioactive waste repository would probably not be near 
enough to any town to cause annoyance, but community 
residents, businesses, and schools at nodes in the waste 
funnel may be expected to react to increased noise levels 
from truck and car traffic. On-site monitoring would be 
necessary to verify noise levels and citizen reactions. 
There are a variety of ways to abate noise, such as bar¬ 
riers, sound insulation, and time restraints. But such 
strategies often themselves engender a negative reaction 
from people who desire no aesthetic changes in their 
environment. 

To conclude, although environmental and health effects 
can be anticipated and measured in many instances, dif¬ 
ferent community standards, the problems of determining 
causality, and the compounding of reactions by anxiety 
complicate the prediction of actual consequences. Physi¬ 
cal measurement would therefore have to be combined with 
careful surveys and behavioral indicators. Contradictions 
in the applicability and relevance of standards in indi¬ 
vidual cases are likely to require resolution before 
priorities can be established. 


Locational Costs and Effects 

Since a radioactive waste repository does not require a 
large amount of surface land, it is unlikely that many 
people would be required to relocate. However, searching 
for, moving to, and financing a new home or business can 
be costly, especially in times of rapidly increasing home 
prices and high mortgage interest rates. In circumstances 
where government compensation is appropriate, bureaucratic 
delays cause cash-flow problems, especially for those of 
moderate income and for small businesses. Indeed, the 
possibilities of relocating a small business are often 
severely limited. Such businesses generally have a local¬ 
ized clientele that is lost when the business is moved. 

The growth in the number of steady customers needed to 
ensure its survival at a new location is often slow. 

Residents and business owners being forced to move 
often experience psychological hardship. Finsterbusch 
(1980) suggests that the approach taken by government 
authorities to displacement and relocation can strongly 
affect its success. He recommends that the government 
keep the public well informed, that it seriously consider 
a full range of alternatives (including the no-build 
alternative), that it allow sufficient time for reloca- 
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tion, and that it be prompt and generous in relocation 
payments. In general, officials should demonstrate that 
they are helpful and concerned. 


Social Change 

Some of the most complex but most important effects of 
siting can be grouped under "social change." Fragile 
social networks in rural towns, for example, are damaged 
by large-scale energy developments nearby (Freudenberg et 
al. 1977, Freudenberg 1978, Susskind and O'Hare 1977, 
Cortese and Jones 1977). Assessing social change, how¬ 
ever, requires agreement on the meaning of such concepts 
as social stability, social cohesion, and "community," 
i.e., what it is that is subject to change. Despite the 
acknowledged importance of a "sense of community," strong 
local attachments are usually revealed only when an area 
or group is threatened (Burkhardt 1971, Erikson 1976). 

At that point it is difficult to determine whether 
opposition is a generalized feeling, a specific response 
to a decision, or the strong but possibly not representa¬ 
tive feelings of a small but vocal group. The elderly 
and those with low or fixed incomes are particularly vul¬ 
nerable to social change and to inequities in the siting 
process. 

In the 1960s planners learned that communities pre¬ 
viously believed to be disordered and unsupportive can 
provide their residents with social support networks 
{Michelson 1970). The lengthy history of conflict over 
large-scale construction projects is dotted with examples 
of inaccurate assessments of community attachment in low 
and moderate income areas (Altshuler 1965, Keyes 1969, 
Simmie 1974, Fagence 1977, Gold 1979). to determine 
which types of areas are the least susceptible to damage 
to social cohesion, or how it can be minimized if inevit¬ 
able, is a formidable problem. Lacking any agreed-upon 
measures of social change, researchers have devised a 
series of indicators. 

It is often assumed that length of residence and home 
ownership are appropriate indicators for community attach¬ 
ment and serve as convenient predictors of negative 
reaction to a facility or project. Yet there is no clear 
correlation between community attachment and length of 
residence. In some cases the high cost of moving to 
another home.is more distressing to a family than changes 
in the locality. On the other hand, certain groups have 
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exhibited clear signs of despair when forced to relocate 
(Marris 1974). 

Certain pathological changes occur in a community 
because of unwanted construction or an influx of new 
workers (Coates 1975). Higher rates of alcoholism, drug 
abuse, mental illness, juvenile deliquency, and divorce 
among residents are all indicative of social change 
(Freudenberg et al. 1977, Susskind and O'Hare 1977, Kohrs 
1974). Increased crime rates will cause greater fear and 
fear-related reactions among residents (Freudenberg et 
al. 1977, Greene and Hunter 1978). Measures of social 
interaction include such factors as rates of church 
attendance and organizational membership (Stanley and 
Rattray 1978). Neighborhood interaction scales have been 
combined with surveys of satisfaction, participation, 
identification, and the desire to stay in the neighborhood 
to determine community stability (Burkhardt 1971). 

Neither observations nor surveys, however, are entirely 
reliable. Preferences themselves do vary. Some may like 
a particular locale because they do not have to interact 
much. Or behavior and expressed preference are contra¬ 
dictory (Hoinville 1971, Clemente et al. 1977). Respon¬ 
dents may find it difficult to recognize their emotional 
ties to a locale or to predict their future behavior. 

There is some evidence that residents favor large public 
projects before they are built but change their minds 
once construction begins (Little and Lovejoy 1977, 
Freudenberg 1978, Peelle 1979). In any case, indicators 
of social interaction do not in themselves tell us how to 
plan. 

Patterns of use of community facilities, such as 
recreation areas, historic sites, museums, taverns, or 
movie theatres, are affected by an influx of new resi¬ 
dents. Newcomers replace oldtimers at such places, but 
such behavior is hard to predict. Intergroup conflict 
arises among local residents or between local residents 
and newcomers, particularly in regard to life styles, 
economic interests, political philosophies, and moral 
values (Shields 1977, Finsterbusch 1980). Increases in 
the numbers of individuals seeking public services often 
result in changes in service quality or a scarcity of 
services relative to demand. New workers frequently 
exhibit health problems unique to a locale (Greene and 
Hunter 1978). 

Social changes, more than other changes, are difficult 
to anticipate and require carefully developed assessment 
procedures. And again, the rates of such changes will 
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likely be as important as the types and eventual mag¬ 
nitudes. Social change can be critical to the character 
of a locale (particularly a small town), is often the 
type of change of the greatest concern to residents, and 
should be monitored during both the planning and con¬ 
struction stages of a facility (Cluett et al. 1980). 
Local authorities and the federal government need to be 
prepared to respond flexibly and in timely fashion to 
changes (Greene and Hunter 1978). 


Local Institutional Effects 

Local government and community agencies have a variety of 
functions that will change both qualitatively and quan¬ 
titatively as a radioactive waste repository is planned, 
constructed, operated, and monitored. During the siting 
process local governments often find themselves in a 
reactive posture that is inconsistent with the historic 
patterns of leadership, community structure, community 
interaction, and autonomy generally characterizing small 
communities (Cortese and Jones 1977). There will be new 
needs for funds to support increased services and new 
requirements for planning and land use control to ensure 
that the influx of new workers and economic growth is 
orderly. Hence, the local governments could find them¬ 
selves negotiating with the project developer for finan¬ 
cial help (Stenehjem and Allen 1978) and seeking a greater 
share of tax revenues from government agencies at the 
state and federal levels. It may have to apply for grants 
or loans or impose new taxes (Greene and Hunter 1978). 

All of these activities require greater expertise, result¬ 
ing in a change in the size and professionalism of the 
local government. This development has been noted in 
communities hosting nuclear power plants (Chalmers et al. 
1982). Small towns, accustomed to more informal modes of 
governance (Shields et al. 1978), frequently resent the 
requirement to conduct their affairs in a more complex 
and time-consuming manner. 

The need to redesign service agencies to meet increased 
or changed demands usually strain small local governments. 
New agencies may be required to deal with heavily affected 
groups. Small businesses will need advice or assistance 
to cope with new demands. Local courts may find it diffi¬ 
cult to deal with a new array of criminal and jurisdic¬ 
tional issues. Hospitals are likely to have to deal with 
an increased number of patients. 
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Institutions at the local level, in short, almost cer¬ 
tainly will face a number of challenges to their tradi¬ 
tional patterns of operation. 


SPECIAL EFFECTS 

Effects associated with the radiological characteristics 
of the repository have received relatively little atten¬ 
tion and are not well understood. The factors pertinent 
to this special class of impacts include (1) public con¬ 
cerns; (2) equity across regions and across generations; 

(3) the national debate over nuclear power; and (4) 
institutional issues—credibility of institutions, long¬ 
term security of site, waste transportation, and roles in 
decision making. 

Public concern will be found not only at the waste 
repository site but in the surrounding region and within 
communities along the "waste funnel" leading to the 
repository. Psychological stress felt by many people in 
the vicinity of the repository and along transportation 
routes is a possible social effect that should be antici¬ 
pated and evaluated. 

Equity issues may also become important (Kasperson and 
Rubin 1983). Many residents are likely to find it diffi¬ 
cult to accept the fact that their area has assumed a 
burden for the benefit of distant areas, particularly if 
the repository is the only one for all commercial high- 
level wastes. This leads residents both to identify more 
adverse effects and to see them as more unacceptable. 
Concern must also be expected in the host region over 
even de minimis adverse effects on the health of today's 
children and succeeding generations. 

The existence of the national debate over nuclear power 
impinges on arguments over the siting of a repository. A 
prospective site, whatever the local sentiments, will 
likely become a battleground for contending groups. Local 
residents might well be drawn into the battle on various 
sides, thus polarizing the community. Indeed, it is pos¬ 
sible that the major adverse social effect will be com¬ 
munity conflict during the site selection and planning 
stage rather than more conventional effects during the 
construction and operation of a repository. 

Finally, there are local institutional concerns. The 
degree of public concern about the long-term security of 
the site depends in part on the extent to which local 
residents believe that stable institutions are ready and 



101 


able to protect the community. The handling of the 
accidents that would inevitably occur will do much to 
determine local confidence in the responsible institutions 
(and the degree of behavioral reactions to stress). If 
institutional credibility is found wanting, then demands 
for intervention by local institutions are likely. The 
way in which spent-fuel casks are transported, for exam¬ 
ple, could well affect public acceptance, particularly if 
the flow of waste at and near the repository site becomes 
particularly heavy. Finally, the host locality will 
undoubtedly be affected by the adequacy of its partici¬ 
pation in decision making. 

These special effects may prove to be resistant to 
formal assessment and particularly to quantitative mea¬ 
surement and expression. It must be recognized, however, 
that they could well exceed the more conventional effects 
of a repository and also prove resistant to mitigation or 
elimination. Methods for assessing these effects, which 
note both advantages and disadvantages, have recently 
been carefully appraised (Thomas et al. 1982a). Further, 
recognition is needed that system design choices will 
interact with site effects, in ways sometimes predictable 
and sometimes not. 


INFLUENCE OF TIME AND DISTANCE 
ON WASTE MANAGEMENT ACTIVITIES 

Different effects will occur at different stages in the 
siting and development of a repository. The first rumors 
of planning for such a facility will cause changes in 
property values, depending on site location and existing 
land use. Values will change again after construction is 
finished if the effects, or perceptions of the effects, 
are different from those anticipated. Since the selection 
of a particular site may not occur until after the site 
has been acquired (and -qualified*') , rumors will sometimes 
coincide with planning. Psychological, health, and social 
changes, on the other hand, will become evident only after 
the facility has been operating for a number of years. 

Effects are also related to distance from a facility, 
but this relationship is not always unilinear. Some 
people in the immediate vicinity of a repository may not 
be perturbed and choose to remain where they are, whereas 
others further away may leave the area. The extent of 
most effects will depend on the shape and slope of their 
distance-decay curves (Massam 1975). Health effects, for 
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example, will likely be highly sensitive to proximity to 
the facility—the closer one's home to the site, the 
greater the effects of noise and air pollution. Economic 
effects, on the other hand, are generally more evenly 
spread over a wider area. Disturbances resulting from 
in-migration will tend to be unevenly distributed. If 
all effects were equal in weight or uniformly diffused, 
their measurement would be relatively simple, and choosing 
one site instead of another would alter equities in pre¬ 
dictable ways. Unfortunately, the situation is more 
complex. 


LOCAL EFFECTS ALONG TRANSPORT CORRIDORS 

As indicated in Chapter 3, a substantial amount of truck 
or rail traffic can be anticipated in the delivery to 
away-from-reactor storage facilities {if built) a reposi¬ 
tory (or repositories) or both. Special problems may 
occur for locales located at nodes along transport cor¬ 
ridors. Truck stops will be created, and certain roads 
or intersections will experience unusually heavy traffic. 
Depending on the size of the locale and the number of 
trucks traveling through, some of the same effects 
increased stress or greater anxiety for local populations, 
reduced property values, pressures on the local economy, 
and disruptions of social fabric—that would occur at a 
site during repository operation should be anticipated. 

Whether these problems will assume sufficient magni¬ 
tude to require governmental intervention is uncertain 
and depends, in part, on overall waste system design. 

But the study and mitigation of socioeconomic effects 
should certainly include increased attention to these 
potential problems. The panel recognizes that the 
assessment and mitigation of transport corridor effects 
could present planning and organizational problems. To 
what extent (if any) should adverse socioeconomic effects 
in the many communities along transport corridors be 
included in impact mitigation programs? The panel notes 
that adverse effect mitigation is generally not under¬ 
taken for the movement of other energy resources (such as 
coal). Sufficient information and analysis does not exist 
at this time for the panel to take a position on this 
question. What is essential is that such prospective 
problems at nodes along transport corridors be antici¬ 
pated, that means be instituted to identify and assess 
such effects, and that the possibility that mitigation of 
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effects may be required be included as part of the waste 
management program. 


MITIGATION AND COMPENSATION 

The potential adverse effects to a community hosting a 
radioactive waste repository should be avoided where it 
is feasible to do so and, for those adverse effects that 
cannot be avoided, mitigated to the fullest extent reason¬ 
ably achievable. A sound program to this end does not now 
exist. The Council on Environmental Quality's regulations 
to federal agencies for implementation of the National 
Environmental Protection Act require environmental impact 
statements to include provisions for mitigating adverse 
impacts (Peelle 1979). The panel's view is that a sound 
program for anticipating and responding to the socioeco¬ 
nomic effects of siting a radioactive waste repository 
would comprise the following: 

1. Analysis of socioeconomic effects, with par¬ 
ticipation by the residents; 

2. Development of plans and policies to avoid and to 
mitigate adverse effects, with participation by the 
residents; 

3. Capital, provided by the beneficiaries of nuclear 
power, to fund the mitigation of expected adverse 
conventional effects; 

4. Compensation for adverse effects, conventional and 
special, that cannot reasonably be avoided or further 
mitigated; and 

5. Means of redress for effects resulting directly 
from the siting of a radioactive waste repository or from 
overall changes in the radioactive waste program that 
alter site characteristics. 

Although the occurrence of specific effects is diffi¬ 
cult to predict, a substantial number of conventional 
adverse effects that will occur can be avoided or miti¬ 
gated through advance planning and effective management. 
The process by which planning and management can be 
successfully implemented calls for interaction between 
residents of the community and representatives of state 
and federal agencies. The involvement of local residents 
in identifying and assessing local effects, in evaluating 
planning alternatives, and in contributing to the defini¬ 
tion and evaluation of management options can increase 
the effectiveness of the siting process. 


4L 
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The panel's review of the Nuclear Waste Policy Act of 
1982 and the siting programs of DOE suggest that an appro¬ 
priate mechanism or process for assuring the active 
involvement of local residents in assessing site effects 
and in monitoring mitigation and compensation programs 
does not now exist. There is need, therefore, for prompt 
attention to redressing this deficiency in institutional 
arrangements for site selection and development. Consid¬ 
eration should be given to the appropriate role and powers 
of such a mechanism, budgetary needs, and capacity for 
independent technical review. One useful model at the 
state level may be the Environmental Evaluation Group, 
which has advised the governor of New Mexico on the Waste 
Isolation Pilot Plant project. 

A number of federal programs exist that are aimed at 
mitigating the conventional impacts that stem from the 
location of energy or other industrial facilities. The 
applicability and timeliness of each, however, are 
limited. The Education Act of 1950, for example, pro¬ 
vides federal financial assistance to school districts 
experiencing financial burdens as a result of federal 
project development, but there are serious time lags in 
the flow of assistance funds. Small communities that 
need technical planning expertise can obtain help through 
the U.S. Department of Housing and Urban Development's 
Comprehensive Planning Assistance Program, but there are 
numerous eligibility restrictions and a cumbersome 
application process. The Community Facilities Loan and 
Grant Program of Federal Housing Administration is 
another source of assistance for fire-fighting and 
transportation needs, but inflexible funding formulas 
have hampered its application (Leistritz and Murdock 
1979, pp. 322-324). The recently passed Energy Impact 
Assistance Act may improve the situation, although 
administrative complexities, fragmented sources of aid, 
and the "prohibition of delay" stipulation (Section 608) 
may reduce its potential effectiveness (Peelle 1980, pp. 
120 - 121 ). 

Even prompt and ambitious mitigation of adverse socio¬ 
economic effects will not always suffice to provide 
adequate protection for the host community and host 
region. Past experience suggests that many adverse 
effects will be underestimated, will not be quantifiable, 
or will not become apparent until the siting process 
actually begins. Other effects, such as those described 
above as comprising social change, will be essentially 
irreversible and not subject to mitigation. The community 
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is also vulnerable to policy or program changes that 
could alter expected benefits or add new (and perhaps 
unforeseen) effects. The conversion of a demonstration 
facility to a permanent repository, for example, would 
introduce a new array of beneficial and adverse effects. 
Meanwhile, the research base to support mitigation efforts 
is limited and uneven; studies of impact mitigation have 
been largely limited to a few selected types of manage¬ 
ment processes or only a few cases relevant to a given 
process (Halstead and Leistritz 1982). As a result, an 
adequate conceptual basis for designing mitigation pro¬ 
grams does not now exist (but see Murdock et al. 1982, 
Chapters 10-12 for a noteworthy effort to fill this v6id). 

To prevent the community from bearing unfair burdens 
and harm, an ambitious program of technical and financial 
support for the mitigation of adverse effects at the site 
will be needed. The Nuclear Waste Policy Act of 1982 
recognizes this need in providing for funds to be used 
for impact mitigation (see Section 116). Grants may be 
made to states to develop a request for impact assistance 
which must be submitted to the Secretary following the 
site characterization activities and before the recom¬ 
mendation of a repository site by the Secretary to the 
President. Since no limit to such mitigation funds is 
specified, the scale of the program is potentially 
adequate. There are, however, several potential problems 
which will need to be addressed by DOE in implementation. 
First, the goals and levels of funds are set in a binding 
agreement following the granting of construction authori¬ 
zation. But, as the panel has noted, many adverse impacts 
cannot be identified at this time and will become apparent 
only as the site is developed and undertakes operation. 
Second, the agreement is between the federal government 
and the state, with no assurance that the state will 
adequately assess the needs of the host locality or 
allocate the funds delivered in an effective manner. 


FINDINGS 

From its analysis of likely socioeconomic effects at the 
waste disposal site, the panel finds the following; 

1. The research base that exists to support the 
selection of sites for a nuclear waste repository and the 
formulation of programs for impact mitigation is limited 
and uneven. The underdeveloped state of theory in social 
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impact assessment theory and methodology and the cursory 
efforts thus far in comparative analysis of impact mitiga¬ 
tion are particularly problematic. The limited research 
program sponsored by the DOE has not sufficed to fill 
this void. As a result, no authoritative statements can 
be made at this time about the magnitude, types, or rates 
of adverse socioeconomic effects to be expected at a 
repository site nor criteria that should be formulated 
for site suitability or appropriate program of impact 
mitigation. 

2. Adverse socioeconomic effects will likely be 
strongly site-specific and will be related in particular 
to the population size and rural qualities of the host 
region as well as to the overall waste system design.. 

These effects will be difficult to predict on the basis 
of experience with other types of facilities at other 
sites. These effects have the potential, however, for 
substantial harm to the host community and region and 
should, therefore, receive more thorough assessment than 

has been accomplished to date. 

3. The special effects associated with the radio¬ 
logical mission of the repository will interact with, and 
may well exceed, the more conventional effects resulting 
from the location of large industrial facilities in rural 
communities. 

4. A number of significant effects will not become 
evident until the siting process begins. Accordingly, 
careful monitoring of socioeconomic effects at the site 
and a program for timely and flexible provision of 
resources to reduce or mitigate adverse impacts are 
required. The panel finds that an appropriate mechanism 
for assuring the active involvement of local residents in 
assessing site effects and in monitoring mitigation and 
compensation programs does not now exist and should 
receive attention by the DOE. 

5. A sound program to anticipate and respond to the 
effects of siting a radioactive waste repository should, 
in the panel's view, comprise (a) analysis of socioeco¬ 
nomic effects, with participation by the residents; (b) 
development of plans and policies to avoid and to miti¬ 
gate adverse effects, with participation by the residents; 
(c) capital, provided by the beneficiaries of nuclear 
power, to fund mitigation of expected adverse conventional 
effects; (d) compensation for adverse effects, conven¬ 
tional and special, that cannot reasonably be avoided or 
further mitigated; and (e) means of redress for effects 
resulting directly from the siting of a repository or 
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from overall changes in the radioactive waste program 
that alter site characteristics. 

6 . An ambitious program of technical and financial 
support to mitigate adverse effects at repository sites 
will be needed. While the Nuclear Waste Policy Act of 
1982 provides for this need, problems may be expected in 
implementation. The goals and levels of funds for impact 
mitigation, for example, are set at an early stage in 
site development, yet many effects cannot be anticipated 
and will become apparent with the development of the site 
and the beginning of operations. Also, no assurance 
exists that the states will adequately assess the needs 
of this host locality and allocate funds in an effective 
manner. 
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Institutional Means 


The preceding chapters have indicated that siting, con¬ 
structing, and operating high-level radioactive waste 
repositories involve emotional issues of public concern, 
potentially significant effects associated with the 
overall facility and transport network, and potentially 
important socioeconomic effects localized at the reposi¬ 
tory site and along waste transport corridors. Solving 
these problems requires well-developed capabilities and 
effective response by institutions, and hence relevant 
institutional considerations should be examined. 

At the end of 1982 Congress passed the Nuclear Waste 
Policy Act of 1982 (NWPA), creating a new framework for 
the management of high-level radioactive waste. The 
Low-Level Radioactive Waste Management Act of 1980 had 
earlier outlined institutional arrangements for handling 
low-level waste. The emergence of these major policies 
from the Legislative Branch, after extensive debate in 
three consecutive Congresses, defines a comprehensive 
national approach to the final disposition of radioactive 
materials. 

This chapter has three objectives: 

1. To appraise the principal elements set forth in 
NWPA in terms of their potential for addressing the 
socioeconomic considerations integral to successful 
siting and operation of a radioactive waste disposal 
system based on geologic repositories; 

2. To assess the adequacy of current approaches to 
fostering public participation in repository site search 
and selection; and 

3. To analyze the current regulatory framework for 
the transportation of radioactive wastes. 
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INSTITUTIONAL THEMES IN THE NUCLEAR WASTE 
POLICY ACT OF 1982 

The Act is a complex piece of legislation. It charts a 
course that will last more than a decade, culminating in 
the opening of a high-level waste repository toward the 
end of the twentieth century. The NWPA has been summar- 
ed elsewhere (see, e.g., Nuclear Waste News 1982). In 
rhf ^ e ^ lew . of institutional issues, the panel examined 
the following principal themes embodied in the Act: 

1 ‘. s tates are accord e d a substantial rol e in the 

tl^s^orx^sitincijgrocess. The Act requires’TSrSSJretary 

L , U " 9 1)01107 ° f ” c °nsultation and coopera- 

a ® alln 9 wl th states and Indian tribes [Sec. 

“ 7 (b ' ] .' . ® tates and tribes containing a candidate site 
f llgible for grants from the Department of Energy 
(DOE); these grants are intended to fund independent 
reviews, monitoring, and provision of information to the 
public [Sec. 116(c)(1)(B)]. Once the Nuclear Regulatory 
Commission grants a construction authorization for a 
repository, DOE and the state are to conclude a written 
agreement for impact mitigation payments to the state 
Sec. 116(c)(2)]. Perhaps most important, the Act gives 
the states and tribes hosting repositories the right to 
disapprove the designated site; a vote of both houses of 
Congress is required to override the disapproval [Sec. 
116(b)(2), 118(a), and 115]. 

2 \ —? federal governm ent is to bear the ri sks of 
£g positor ^develo p ment on a tight schedul e. Following 
the enactment of NWPA but no later than January 1, 1990, 
the federal government is authorized to enter into con¬ 
tracts with electric utilities to transfer title to spent 

? el t0 the federal government. This contractual 
commitment is intended to provide planning certainty to 

* Utll i; tl ® S ln exchar >ge for payments into the Interim 
orage Fund (Sec. 136). The Act provides for limited 
federal capacity to store spent nuclear fuel, together 
with a program to provide monitored retrievable storage, 

,, * S ' lon g-term storage in near-surface facilities. 

If schedules for geologic repositories slip, this may 
provi e flexibility. The fund will be administered by 
the Treasury of the United States, and fund payment levels 
will be set by the Secretary of the DOE. The schedule 
for repository development stretches over a time of at 
least 15 years, yet its intermediate mileposts demand 
both speed and flexibility by DOE and its contractors. 



114 


State/Local Institutional Structure 

The NWPA relies on the classic federalist division of 
authority to define the opposing interests in repository 
development. The federal government is the advocate of 
the national interest in safe, efficient disposition of 
spent fuel and radioactive wastes? states, through their 
governors or legislatures, are presumed to speak for 
locally affected populations concerned about risk, pro¬ 
tection of property rights, due process, and other 
burdens borne by those living near a proposed site. 

Social research on other controversial facilities 
reinforces the panel’s judgment that a major institu¬ 
tional gap exists in the framework defined m the NWPA. 
There is no institutionalized process for relating the 
concerns of locally affected populations to the actions 
of state governors or legislatures; indeed, constitu¬ 
tional principle dictates that state governments be 
responsive to population centers whose interests are 
typically different from those of rural areas likely to 
host repositories. Social scientists have suggested 
institutional designs for bridging such gaps in other 
policy areas; this stock of design principles is suf¬ 
ficiently well tested, in the panel's view, that it can 
be used by state governments as a basis for addressing 
the institutional problems pointed out below. Ignoring 
this gap increases the likelihood that conflict will 
spill over into tangentially related arenas- that 
accessible to local populations; such spillovers threaten 
to disrupt the federal programs' tight schedule. 

As noted in the previous chapter, the NWPA contem¬ 
plates substantial funding to mitigate "any economic, 
social, public health and safety, and environmental 
impacts that are likely as a result of the development of 
a repository" [Sec. 116(c)(2)(B)]. In Sec. 116(c)(3), 
the federal government undertakes to provide payments xn 
lieu of taxes to compensate state and local governments 
for lost revenues. The Act thus makes an important state¬ 
ment of principle: the burdens borne by those living near 
the site should be mitigated and paid for by beneficiaries 
The history of other federal construction programs, 
such as interstate highway construction, indicates, how¬ 
ever , that mitigation or anticipated economic benefit is 
not always sufficient to eliminate conflict (Seley 19 ° 3 >- 
Moreover, highway planners have been repeatedly surprised 
by the scope and magnitude of local communities' resis- 
tance (Lupo et al. 1971). 
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Congress chose not to prescribe institutional means to 
link local populations to state governments. Whatever 
the merits of so respecting the customs of federalism, 
the need for such linkage is real and, in the panel's 
judgment, of potentially critical importance to the 
national program. The long experience of grants-in-aid, 
categorical programs (including those great society 
programs, particularly the Community Action Program 
bypassing state and local government control), revenue¬ 
sharing, block grants, and other elements of fiscal 
federalism underscores the persistent tension between 
state and local governments in the sharing of federal 
money (Marris and Rein 1973, Glickman 1980). Experience 
at the Western New York Nuclear Service Center (West 
Valley) suggests the extent to which a state may seek 
facility development at the expense of the locality 
(Kates and Braine 1983). As noted in Chapter 4, there is 
no guarantee that federal assistance to states will be 
used to help local communities in ways they deem useful; 
the Act does permit the Secretary of Energy to negotiate 
an agreement for funding with the states, and this could 
in principle be used to provide indirect representation 
of local community interests. In addition, localities or 
states could place economic interest above technical 
scrutiny, to the disadvantage of both local communities 
and the long-range national interest. 

Although Congress has determined that federal prescrip¬ 
tion is inappropriate in designing institutional relations 
between states and affected local governments, the void 
threatens a sound institutional arrangement for repository 
siting. The panel observes that relationships of this 
kind have been developed, with notable successes (Brock 
1982) and failures (Bacow and Milkey 1983). State laws, 
such as those for selecting hazardous waste facility sites 
in Wisconsin, Massachusetts, and Michigan, illustrate a 
range of possibilities for institutionalizing local inter¬ 
ests. (It should be noted, however, that radioactive 
waste repositories pose a national problem, whereas 
hazardous waste storage facilities address needs found 
within many states' economies. Analogies between the two 
kinds of facilities should be drawn with caution. 

Failure to take local concerns into account can lead 
to intensified conflict, although the dynamics of inten¬ 
sification are understood only qualitatively (Cobb and 
Elder 1976, Nader and Todd 1978). A mark of escalation 
is the attempt to place issues in dispute onto the agendas 
of institutions charged with related responsibilities. 
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This general principle points to the likelihood that 
litigation over elements of the federal program may be 
used to air conflicts between local communities and 
states. That DOE would be a largely innocent bystander 
in such a process would do little to ameliorate the harm 
done to the national siting program. Such a possibility 
underscores the responsibility of state governments to 
address the issue of state-local relations constructively. 


Management for Operations 

The NWPA creates a long-term operational mission for DOE— 
the planning, construction, and operation of at least two 
high-level waste repositories (Section 114). Although 
major elements of the technological design are already in 
hand, this mission includes the responsibility to conduct 
an ambitious research and development program, while 
simultaneously creating a sizable capability to locate, 
license, and build repositories and to transport, pack¬ 
age, store, and dispose of wastes. 

DOE and its predecessor agencies have established a 
strong technical research and development capability. 

The NWPA presents an important institutional challenge, 
however, in requiring DOE to create the capacity for 
operational planning and later for operations. This 
capacity must include an innovative and largely unprece¬ 
dented ability to detect and correct organizational error 
(Landau 1969, LaPorte 1975). Both the transition from a 
research and development to an operational form of organi¬ 
zation and the institutional capacity to learn from mis¬ 
takes are difficult challenges of organization and 
management. 

The Act recognizes the need for imaginative organiza¬ 
tional design in its requirement for a Mission Plan in 
Section 303. The Mission Plan, called for in Section 
301, will need to consider organizational ideas developed 
in the National Aeronautics and Space Administration and 
particularly the crucial role of learning from mistakes. 
Especially in new, industrial-scale ventures such as 
repository development, an inability to profit from 
errors dooms an organization to inadequate performance 
(Hirschman 1970). Similarly, strong attention to iden¬ 
tifying potential failures, technical, institutional, or 
programmatic, is required in order that contingency 
planning can proceed. These issues need to be addressed 
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at length in DOE's Mission Plan. Despite the explicit 
recognition of need for public information and participa¬ 
tion, the NWPA also commits the federal government to a 
schedule that is difficult to meet or to sustain over a 
long period of time. In particular, the tight time 
schedule seems likely to force DOE to choose between an 
open, consultative approach and one that risks conflict 
and involuntary disruption by attempting to heed congres- 
sionally mandated deadlines. DOE has informally acknowl¬ 
edged the difficulty of meeting the schedule for site 
guidelines and preliminary site identification. This may 
indicate a tendency to favor openness rather than speed. 

Perhaps more worrisome, the study of alternative man¬ 
agement structures for the long term has been slow in 
getting started. Required by the NWPA, this study is 
needed.to evaluate institutional possibilites, including 
a public corporation, for managing the construction and 
operation of civilian radioactive waste facilities. There 
is an adequate social scientific base in organizational 
sociology, industrial economics, business administration, 
and the study of public enterprise to support this man¬ 
agement study. it is essential, in the panel's view, 
that a judicious appraisal of management alternatives 
that taps a broad range of social sciences expertise be 
undertaken without further delay. 


Dispute Handling 

Selecting two high-level waste repositories under the 
NWPA is likely to be a contentious process. The Act 
recognizes this reality in many of its provisions, most 
notably the right of the selected host state to disapprove 
DOE's recommendation that a particular site be chosen. 

In its deliberations before the NWPA was passed, the 
panel discussed at length the institutional arrangements 
appropriate to the settlement of the disputes likely to 
arise in repository siting. A majority of the panel 
agreed that a process modeled on a trial court, with the 
role of judge played by the Nuclear Regulatory Commission 
(NRC) or a newly created independent commission, was a 
promising alternative for site selection. Choices made 
by such a body could combine knowledgeable technical 
review with an open, fair, reasoned process that could 
win broad public confidence and withstand judicial review. 

The process chosen by Congress in the NWPA is con¬ 
siderably different. Reliance is placed on administra- 
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tive decision making by DOE, subject to a variety of 
checks: the consultation process with states and tribes; 
Presidential selection of sites to be characterized and 
of the first sites to be used for repositories; veto power 
for designation vested in states and tribes; congressional 
authority to override such a veto; limited judicial 
review; and technical review by the NRC. This array of 
limitations on the federal energy bureaucracy has a 
common denominator: all the checks and balances, and the 
administrative procedure they constrain, are formal 
processes. The panel's early deliberation on the decision 
process together with its study of recent literature on 
dispute settlement, leads the panel to question elements 
of the existing formal process and to suggest that a 
constructive role may be played by more informal methods, 
including public participation. 

The NWPA assigns principal responsibility to DOE for 
repository site selection. The administrative discretion 
exercised by DOE is expanded by explicit exceptions to 
existing law, in particular the National Environmental 
Policy Act. On the other hand, states and Indian tribes 
are accorded substantial authority to participate with 
federal funding—in the planning process. Under the Act, 
the President selects a site for the first repository; if 
the host state or Indian tribe disapproves this selection, 
its disapproval must be overriden by a veto of both houses 

of Congress. . . 

While judicial review is limited, it is not eliminated. 
Indeed, in its language excluding part of the site selec¬ 
tion process from the established body of environmental 
law, the NWPA calls for the preparation of "environmental 
assessments" subject to judicial review. Because such 
assessments are apparently not the same, legally, as 
environmental assessments under the National Environmental 
Policy Act, litigation to clarify differences is likely, 
in one or more of the five candidate sites to be identi¬ 
fied by DOE, with consequences in case law that are 
impossible to foresee. 

More generally, the Act's approach of relying on 
administrative decision making puts the incentive to use 
judicial means of dispute settlement near the start of 
the site-selection process. The panel's earlier discus¬ 
sions focused on putting the incentive to litigate at the 
end of the selection process rather than at the beginning. 
This would have been accomplished by a trial-type selec¬ 
tion process, whose results would have been subject to 
judicial review after technical and socioeconomic 
evidence had been marshaled. 
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Litigation early in a complex and technical process 
often strains the judicial process. In developing evi¬ 
dence, fashioning remedies, and monitoring their implemen¬ 
tation, courts face substantial difficulties in these 
cases {Horowitz 1976). Moreover, an adversarial procedure 
can hamper the evaluation of an already difficult set of 
facts, technical uncertainties, and socioeconomic consid¬ 
erations (Harter 1982). 

Adjudication contributes to environmental dispute 
resolution in critical ways, however, by providing access 
to the governmental arena for aggrieved parties, by bring¬ 
ing in an impartial but legitimate decision maker (Sax 
1971), and by putting the power of government behind the 
settlements arrived at. The question of institutional 
design, therefore, is how to make use of adjudicatory 
authority, given the likelihood of serious conflict. 

Since the institutional structure is now established 
in law, the panel points out the useful role that can be 
played by informal processes that can supplement official 
administrative and judicial actions. The emergence, since 
1974, of a quasi-professional practice of environmental 
dispute resolution (Bellman et al. 1980, Lee 1981, Harter 
1982, Susskind and Weinstein 1981, U.S. Environmental 
Protection Agency 1982) suggests the possibility that 
complex disputes involving many parties can be settled by 
informal negotiation more effectively and more fairly than 
through exclusive reliance on formal procedures. The 
matters at stake are issues of public policy, of course, 
so they must be adopted by the relevant government 
institutions. These informal methods are accordingly 
complementary to governmental processes rather than 
substitutes for them. 

Since the primary responsibility for repository 
development is assigned to DOE in the law, authority, 
expertise, and resources are highly centralized. State 
governors and legislatures are given the responsibility 
to represent local populations, a role that is almost 
certain to create strains within potential host states. 
Under these conditions the most important informal 
process to employ is local public participation and the 
related design approach of iterative planning. 


PUBLIC PARTICIPATION 

As reviewed in Chapter 4, substantial attention is 
required both to the potential effect of a waste reposi- 
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tory on local public groups and to the role of such 
groups in siting decisions. Recent history indicates 
that local public groups often perceive public facilities 
to be a threat to their existing land uses, property 
values, and quality of life. Although there is little 
definitive research on the effect of public participation 
on the acceptance of facilities, it is clear that a broad 
range of individual techniques is available (U.S. Depart¬ 
ment of Transportation 1976). While there is no generally 
preferred generic form of public participation, there is 
evidence that communities react very strongly when they 
believe that they have been excluded from the planning 
process. Local populations in Utah and Nevada, for 
example, were persuaded to reverse their support for the 
land-based MX mobile missile system as a result of the 
perceived insensitivity of the Air Force and a suspicion 
that they were being seen as expendable (Albrecht 1983). 
There is also evidence that group homes for the mentally 
retarded have achieved a higher rate of acceptance in 
communities where participatory techniques of planning 
were applied during the siting process (Lubin et al. 

1982). 

There is also the more general argument, stemming from 
the pluralistic conception of our society, that citizens 
have a right to participate in decisions that affect 
their lives even though their ultimate desire to accept 
or reject a project may not be granted. 

A final argument is that planners can learn different 
or new facts and more about community values and hidden 
effects by involving citizens instead of merely relying 
on predictive modeling. Neither current methods of obser¬ 
vation nor available predictive models of social condi¬ 
tions are sufficient to preempt local involvement. 

Planning can, then, be a powerful means for discovering 
local needs and desires. An approach that includes citi¬ 
zen involvement and anticipatory assessment in planning 
the siting of a waste repository has significant advan¬ 
tages for understanding and responding to community 
integrity over an approach limited to adversarial or 
reactive processes. 

Throughout its deliberations the panel sought to 
define the various public groups and the interests that 
each represented. A highly visible issue like the siting 
of the first geologic repository is likely to spark 
political mobilization at both the site and national 
levels. As a result, the less-well-organized and -funded 
groups especially concerned the panel, because they have, 
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with respect to some aspects of the overall waste manage¬ 
ment problem, a large stake in the outcomes. They reside 
in areas near proposed sites or along transportation 
corridors or are members of the larger and less directly 
affected public that has a inchoate, less-well-defined 
concern about outcomes affecting the future course of the 
development of nuclear power. 

The panel notes the NWPA's objective that "state and 
public participation in the planning and development of 
repositories is essential in order to promote public con¬ 
fidence in safety of disposal of such waste and spent 
fuel" (Section 111). Realization of this goal will 
require objectives and detailed procedures for each stage 
of the siting process. Such involvement will also need 
to consider a broad range of participation means since 
past research has indicated the limitations of public 
hearing as a form of participation (Checkoway 1981). The 
creation of an independent technical capacity for citizens 
in affected locales has, in past experience, been at the 
core of an effective program of public participation. 

The panel notes, however, that technical expertise for 
independent review is already in short supply, a situa¬ 
tion that may complicate the attempt by local citizens 
and program officials to obtain a credible second opinion 
on repository work. 

Past research on public participation has also empha¬ 
sized the importance of two-way communication between 
agencies and members of the public (Hanchey 1975) . Yet 
DOE's current objectives for public participation con¬ 
stitute in large measure a one-way flow of information 
from the agency to the public. In this respect the panel 
notes (but did not independently validate) a recent criti¬ 
cal assessment of DOE's program for public participation 
that concluded that it "exemplifies co-optation strategy; 
the responsibility for power is to be shared, but little 
of the power itself. Indeed, the purposes of participa¬ 
tion, as DOE defines them, may be more to 'educate' the 
public into sharing programmatic objectives and opinions 
than to grant any real independent authority" (Rochlin 
1981, p. 12). 

The timing of participation has also been a particu¬ 
larly crucial issue in the past. Past research on public 
participation speaks strongly to the importance of early 
involvement of citizens, when plans are still tentative 
and options remain open (Ingram and Ullery 1977). The 
NWPA outlines in only a general way the structure and 
timing of public participation to be used in site search- 
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ing and selection. Therefore DOE's plan for public par¬ 
ticipation appears still relevant as to the details of 
the process. The major activity described in the draft 
National Plan is the opportunity to review and comment on 
major federal actions needed to comply with NEPA, but 
that comes quite late in the decision-making process. 

These procedures apply also to the promulgation of EPA's 
environmental radiation standards, NRC's licensing pro¬ 
cedures, and DOT'S routing requirements for transporting 
radioactive materials. 

The review and comment process, however, is limited as 
a means of ensuring full and timely public participation. 
The agency's proposed repository plans are the result of 
substantial investigation and analysis. By the time the 
tentative plan is published for public comment, the agency 
is likely to be strongly committed to it. Under the NWPA, 
the Secretary of Energy will hold public hearings in the 
vicinity of each repository site under consideration, but 
an environmental impact assessment is required only at 
the time of site recommendation to the President (Section 
114). By this time, DOE is likely to be heavily com¬ 
mitted to its sites, and it may be difficult to judge 
impartially whether comments from the public warrant 
changes in the proposed activity. This process is 
particularly subject to public criticism if the research 
and development programs on which the agency bases its 
plans are perceived to be inadequate or inappropriate. 

The record of effective public participation programs 
suggest, then, the importance of early and broad involve¬ 
ment of the general public, the creation of an independent 
technical review capability among local citizens, and a 
role for citizens early and in all subsequent stages of 
site searching and selection. Since past research on 
public participation, though quite extensive, does not 
permit specification of preferred modes of involvement 
and institutional vehicles, the treatment of the par¬ 
ticipation program as a major research effort, with 
thorough peer review and employment of a broad range of 
techniques and principles followed by careful monitoring 
and evaluation seems particularly advantageous. In this 
regard, the efforts of the U.S. Army Corps of Engineers 
in employing a broad range of participation programs, 
followed by careful evaluation, over the past decade may 
provide a useful model (Ragan 1975). 

In this context, the NWPA shifts the ground rules of 
citizen involvement in several important respects. While 
the DOE is subject to a wide range of institutional con- 
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reaulations, and laws governing Indian tribes make up the 
complex statutory framework applicable to waste and spent- 

fuel transportation. . 

Most of the transportation of commercial spent fuel l 

handled by common or contract carrier. F ° ur fc '“ ck ^ 
companies in the United States handle most of the ship 
ments of commercial radioactive material. Dnd «* J® 0 
regulation common and contract carriers are e P 
the licensing requirement; however, NRC reactor licensees 
casks are not exempt. Both shippers and carriers must 
comply with packaging and other NRC ®" d . S f x 
regulations for transporting waste and spent fuel. 

To prevent conflicts in their regulations govern g 
the transportation of radioactive materials, NRC and DOT 
subscribed to a memorandum of understanding (MOU) m 197 , 
updating the earlier DOT/AEC MOU of 1973. The memorandum 
delegates to NRC the authority to certify the casks i 
which spent fuel is shipped by NRC licensees, “.a^ 8 ® 
charges DOT to develop regulations for the packaging an 
transportation of radioactive materials as a part of i 
overall body of regulations for the Packaging and trans 
portation of all hazardous materials. It further 
firms that DOT obtain NRC approval of specification 
package designs for shipment of radioactive materia . 

The memorandum gives to NRC the aut on y licen- 

B and fissile packaging designs to be used by its licen 
sees. The NRC has adopted DOT'S regulations applicable to 
shippers. These involve proper packaging requirements, 
package and vehicle radiation levels, markings an 
security seals. 

More is required by an NRC interim rule to prevent 
sabotage or theft of spent fuel in transit. In u Y 
1980, the NRC published for the second time its interim 
regulations aimed at preventing sabotage and theft of 
spLit fuel shipments. According to a report by Sandia 
Laboratories (1978), with whom the government had c 
tracted for cask development, the damages from successful 

sabotage of a shipment in a densely P°P“ late f 
rise to $2 billion to $3 billion. The somewhat stiffer 
regulations of the interim rule require any reactor 
licensee who transports spent fuel or delivers *P«nt fuel 
to a carrier for transport to notify the NRC in advance 
of each shipment so that the NRC can approve the route, 
make appropriate arrangements with law-enforcement 
agencies along the route, avoid (where practical) heavily 
populated areas, schedule shipments, and provide traine 
escorts. The licensee must also make arrangements 
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as a direct result, DOT in 1981 published guidelines 
to become effective in February 1982 that wouM have the 
effect of preempting certain state and local laws. The 
regulation, "HM-164,'' addresses only highway shipment o 
radioactive materials. It designates the entire inter¬ 
state highway system as the approved transportatio 
for "large quantity" packages of radioactive materials. 

The rule declares "inconsistent" state and local regu 
tions that require prenotification or escort personnel or 
escort requirements, deferring consideration of promulgat 
ing°a national prenotification rule pending an outcome of 
NRC 1 s rulemaking on this topic. It also declares ^ C ° n 
sistent" states' prohibiting the use of an 
highway without designating an equivalent alterna 
highway, bans on travel during certain times of day, 
constraints on travel in urban vehicular tunnels. It 
requires shipments of spent fuel and waste to 
interstate or equivalent highways and to ^eheltways 
where available around cities. The ™le also^ the 
the carrier to prepare a written route plan for the 
driver and shipper! The plan must identify origin and 
destination points, the route selected, P la " nad 
approximate departure and arrival times, and telepho 
numbers for emergency assistance in each sta e a 
selected route. The driver must have received tram 9 
concerning other DOT requirements for the materials be g 

tra m!l64 e has been criticized by states because of its 
atremot to delineate by regulation restrictions on state 
and local police power actions. Moreover, HM-164 assigns 
to the states key responsibility 

and enforcement of regulations. States would s aid 

federal government to assume these responsibilities and 
implement them by providing technical assistance, guid¬ 
ance, and financial support. On March 25, 1981, the City 
of New York filed suit in the federal district cour 
New York's Southern District against the DOT for relie 
from enforcement of HM-164. The State of New »rk later 
-joined with New York City as a co-plaintiff. The 
plaint alleges, among other things, that the a ^ 

Transportation has no legal authority ^der the Hazardous 
Materials Transportation Act to declare tha 
tions preempt state or local regulations. On July 9^ 
1981, a similar suit against DOT was file Y 
of Ohio. Ohio's challenge is designed to Protect ( > 
state's existing prenotification requirement “e 

transDortation of large quantities of nuclear materials 
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through the state and (2) the Ohio constitution's direct 
grant of police powers to municipalities. Clearly the 
stage is set for a judicial test of the federal govern¬ 
ment's authority to preempt local and state regulation of 
radioactive waste and spent-fuel shipments. 

The regulatory framework just described possesses 
several interesting properties. First, the focus of 
regulation is on the licensee's role in supervising the 
transportation of radioactive wastes. While carriers and 
drivers are subject to some direct regulation by the 
agencies, it is the licensee who bears the heaviest 
burden in vouching for safe transport. While HM-164 and 
the NRG sabotage regulations do give some attention to 
truck and driver safety and conditions on the open road, 
the focus of the former is relief from state and local 
requirements, while the focus of the latter is espionage 
and sabotage not conventional (and more likely) accident 
safety for the highway-using public and surrounding com¬ 
munities. The current regulatory framework for radio¬ 
active waste and spent fuel can be analogized to air 
traffic control, where air freight customers , not air 
traffic controllers, have been made primarily responsible 
for the safe air transport of hazardous materials. As 
"traffic" increases, such a situation will not likely be 
allowed to continue. 

Second, the regulatory framework places the maximum 
emphasis on cask integrity. Certainly, cask integrity is 
essential to a successful radioactive waste transportation 
scheme. Casks must be able to withstand the tremendous 
stresses to which they may be exposed in the complex array 
of accidents that, sooner or later, are likely to occur. 

A measure of additional protection through special regula¬ 
tory requirements applicable to trucks, drivers, and their 
routes seems appropriate to the risks posed by such 
accidents. 

In sum, the panel majority found that an underdeveloped 
regulatory framework currently exists for the transpor¬ 
tation of spent fuel and high-level wastes. The federal 
governmental agencies involved defer to each other, with 
primary responsibility essentially delegated to NRC's 
reactor licensees. The states are fighting preemption, 
but mainly in order to secure the right to ban or restrict 
waste shipments. A situation in which no level of govern¬ 
ment or private utility has a strong incentive to act 
decisively is not conducive to vigorous and broad-based 
safety regulation. 
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To prevent future accidents as the frequency of ship¬ 
ment grows and to forestall the adoption of a hastily 
conceived and costly federal regulatory regime in the 
wake of accidents# reform of the federal regulatory 
structure# within the ample statutory authority for 
reasonable regulatory requirements that already exists# 
may be required. Thus, the panel recommends a careful 
evaluation of existing federal regulation of highway 
transport to assure that (a) a sufficently broad and 
uniform regulatory regime exists for the safe transport 
of radioactive wastes# (b) any redundancies and incom¬ 
pleteness in the existing NRC-DOT regulations have been 
eliminated, and (c) the needs of states to control safety 
on their highways are met. If the federal government 
itself transports the wastes, a similar reassessment of 
safeguard adequacy must be implemented. 


FINDINGS 

As a result of its analyses, the panel found that 

1. A major institutional gap exists in the framework 
defined in the Nuclear Waste Policy Act of 1982. There 
is no institutionalized process for relating the concerns 
of locally affected populations to the actions of state 
governors or legislatures. Institutional designs for 
bridging this gap have been utilized in other policy 
areas and may provide possible means to fill this void. 

2. The site-selection timetable outlined in.the 
Nuclear Waste Policy Act (NWPA) is likely to force the 
Department of Energy to choose between an open# consulta¬ 
tive approach to planning that fails to meet deadlines 
and a closed# executive approach that meets schedules. A 
decision to adhere to the tight schedule of the NWPA 
could contribute to insufficient attention to local 
concerns and participatory opportunities or result in 
inappropriate compromises. 

3. Informal processes of planning and conflict 
resolution can provide valuable supplements to the 
official administrative and judicial processes outlined 
in the Nuclear Waste Policy Act. Environmental mediation 
is one such process that deserves further exploration. 

4. An ambitious program of public participation is 
needed to meet the challenges posed by high levels of 
public concern and the complexity of issues surrounding 
the siting of nuclear waste repositories. Previous 
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Basis: reactors with rail service (for demonstration purposes only). 




146 


would ship by rail and those without this feature would 
ship by truck. 

Other calculations assumed that all spent fuel would 
be shipped from the reactor sites to one of three regional 
storage facilities that are open simultaneously to receive 
fuel. The three storage facilities were located in the 
southeastern, midwestern, and western regions of the 
United States. For the runs involving the regional facil¬ 
ities, the country was divided into three regions, and 
all fuel shipped from a reactor was sent to its respective 
storage facility. The western region was defined to 
include all reactors in the states of Washington, Oregon, 
California, and Arizona. The storage facility for this 
region was assumed to be located in the vicinity of Las 
Vegas, Nevada. The southeastern region includes reactors 
in the following states: Texas, Oklahoma, Arkansas, 
Louisiana, Mississippi, Alabama, Georgia, Florida, 
Tennessee, South Carolina, North Carolina, and Virginia. 
The storage facility for this region was assumed to be 
located at Barnwell, South Carolina. The midwestern 
region includes all other reactors, and the storage 
facility would be located at Morris, Illinois. As with 
the single storage facility runs, the fuel was assumed to 
be moved by rail or truck in one case and only by truck 
in another. 

The tables in this appendix summarize the results of 
these logistics calculations. They include the following: 

1. Listing of the number of spent-fuel assemblies 
that will be shipped annually from each reactor during 
the period 1985 through 2004 (Table A.l). Only those 113 
reactors that are projected to make a shipment are listed. 
The entries in this table take into account the capacity 
of the cask in which the shipment will be made. 

2. The number of spent-fuel assemblies that would be 
moved annually to a single storage facility (Table A.2) 
and to the three regional facilities (Table A.3) between 
the years 1986 and 2004 and includes a breakdown by 
reactor type, i.e., PWR or BWR. The source data indicate 
that no shipments would be required prior to 1986 and are 
based on the following assumptions: 

(a) Full core reserve would be maintained at each 
reactor 

(b) The utilities would expand their on-site 
storage capacity to its maximum extent by 
1984; and 

(c) Firmly planned transshipments would take place. 
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TABLE A.2 Number of Spent-Fuel 
Assemblies Shipped Annually to a 
Single Storage Facility 


Year 

Shipped 


PWR 

BWR 

1986 

228 

168 

1987 

472 

478 

1988 

199 

826 

1989 

897 

1260 

1990 

830 

114 8 

1991 

588 

1386 

1992 

1378 

1648 

1993 

1448 

1952 

1994 

1379 

2406 

1995 

2182 

3166 

1996 

2443 

3664 

1997 

2259 

4110 

1998 

3034 

4674 

1999 

3634 

5376 

2000 

3427 

5192 

2001 

4620 

6158 

2002 

4540 

6224 

2003 

4160 

6950 

2004 

4689 

8118 

TOTAL 

42,407 

64,904 


A good approximation of the amount of heavy metal 
(MTU) in these shipments can be obtained by using the 
following conversion factors: 


and 


PWR = 0.4614 MTU/assembly, 
BWR = 0.18335 MTU/assembly. 


3. The number of shipments needed to transport the 
number of assemblies to a single storage facility and to 
regional facilities. Two cases are shown here: one in 
which rail and truck casks are used (Tables A.4 and A.5) 
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TABLE A.4 Annual Spent-Fuel Shipments to 
a Single Storage Facility 


Year 

Mixed 

Rail 

Mode 

Truck 

Truck 

Only 

1986 

11 

188 

312 

1987 

13 

575 

711 

1988 

29 

288 

612 

1989 

41 

1053 

1527 

1990 

44 

916 

1404 

1991 

58 

635 

1281 

1992 

90 

1214 

2202 

1993 

121 

1110 

2424 

1994 

166 

760 

2582 

1995 

217 

1385 

3765 

1996 

248 

1593 

4275 

1997 

273 

1348 

4314 

1998 

322 

1857 

5371 

1999 

396 

2030 

6322 

2000 

402 

1677 

6023 

2001 

514 

2145 

7699 

2002 

502 

2262 

7652 

2003 

532 

1903 

7655 

2004 

575 

2480 

8748 


and one in which only truck casks are used (Table A.4 and 
A.6) . 

Information was provided on the relative amount (weight 
percent) of fuel shipped by rail to a single storage 
facility (Table A.7) and to regional facilities (Table 
A.8). The variations in these figures are a function of 
the particular reactors making shipments in the various 
years and also the transportation mode, i.e., rail and/or 
truck, available at the individual reactors. All rail 
shipments were assumed to be made in a cask capable of 
transporting 10 PWR assemblies or 24 BWR assemblies. The 
truck cask was assumed to transport a single PWR assembly 
or 2 BWR assemblies. Actual spent-fuel casks exist with 
these capabilities. 

4. The cask fleet requirements for both the rail/truck 
mix (Table A.9) and truck only (Table A.10) between 1986 
and 2004 to make all shipments to a single storage facil¬ 
ity located in either the southeastern. Gulf Coast, or 
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Storagelacilitlesi^r^! 1 Shipments to Regional 
y acuities Using Truck Casks Only 


Year 

Western 

Facility 

Southeastern 

Facility 

1986 

0 

253 

1987 

0 

363 

1988 

0 

230 

1989 

40 

856 

1990 

80 

583 

1991 

110 

454 

1992 

200 

1017 

1993 

110 

789 

1994 

200 

920 

1995 

332 

1321 

1996 

384 

1695 

1997 

344 

1428 

1998 

543 

2002 

1999 

652 

2277 

2000 

582 

2054 

2001 

930 

2971 

2002 

1010 

2864 

2003 

1038 

2749 

2004 

1088 

3453 


Midwestern 

Facilihv 

-. ■■ J 

59 

312 

348 

711 

382 

612 

631 

1527 

741 

1404 

717 

1281 

985 

2202 

1525 

2424 

1462 

2582 

2112 

3765 

2196 

4275 

2542 

4314 

2826 

5371 

3393 

6322 

3387 

6023 

3798 

7699 

3778 

7652 

3868 

7655 

4207 

8748 


regiona/facilitLnTabiel.fl^nd t0 

is based™ discus ^<i above, the information 

is eased on the following assumptions: 

truck -‘*4 mph; ra9e tranSP ° rt spead = rail - 6 mph; 

destination tX ^ e 3t point of departure and 

days) and “ ° aSkS! 1311 = 5 ^ truck = 3 

(c) All casks are available 300 days/year 
armrest i° S * f ° r the C3SkS is estim ated tote 
a truck cask! $5 '° 00 ' 000 for a rail cask and $500,000 for 

5 The effect of the location of a single storaae 

tranttV 1 ^ regional facilities on the required 

A.13 ttr t ft" 063 f ° r raU 3nd trucks (Tables 

round-trip’distance 5> i The . trans P° rt ation distance is 
ip distance, i.e., includes shipment of empty 



156 


TABLE A.7 Relative Amount of Fuel 
Shipped by Rail to a Single Storage 
Facility 


Year 


Amount (wt%) 


1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 
2001 
2002 

2003 

2004 


36.2 

19.4 

53.5 

28.3 

33.4 

49.6 

43.3 

53.3 

69.5 

61.7 

62.4 

68.7 

64.4 

67.3 

71.8 

71.4 

70.4 
75.2 
71.1 


TABLE A.8 Relative Amount of Spent Fuel 
Shipped by Rail to Regional Storage Facilities 


Year 


Western 


Amount (wt %) -_ 

Southeastern _ Midwestern 


1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 
2001 
2002 

2003 

2004 


100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

86.9 

76.7 

72.0 

82.5 

83.7 

84.0 

84.6 


32.1 

16.5 
76.3 

21.1 

17.1 

41.1 

22.7 

37.5 

66.8 

42.8 

50.6 

65.1 

51.3 
63.0 

75.2 

65.8 

66.8 

75.0 

67.4 


55.4 
23.0 
39.2 
34.0 

39.5 

46.4 

53.7 

58.4 

66.5 

67.8 

64.8 

66.4 

69.5 

68.3 

69.7 

72.9 

69.3 

72.8 

70.6 
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TABLE A. 10 Cask Fleet Requirements for Shipping 
Spent Fuel to a Single Storage Facility Usrng Truck 

flasks Only 


Southeastern 
Facility 
(No. of Casks) 


Gulf Coast 
Facility 
(No. of Casks) 


Western 
Facility 
(No. of Casks) 


1986 

5 

1987 

11 

1988 

10 

1989 

23 

1990 

23 

1991 

21 

1992 

36 

1993 

40 

1994 

43 

1995 

63 

1996 

72 

1997 

73 

1998 

92 

1999 

108 

2000 

104 

2001 

133 

2002 

133 

2003 

135 

2004 

151 


6 

12 

12 

27 

26 

25 

40 

43 

46 

68 

75 

77 

95 

112 

107 

137 

136 

137 
154 


9 

21 
19 
43 
39 
37 
61 
66 
69 
10 0 
110 
113 
138 
162 
154 
195 
192 
191 
220 


cask to reactor and shipment of loaded cask to receiving 
fa 6. Estimated transportation costs for fch 

information® that^ is”" approximately 3-4 Vears^ld (see D. 

<? tov D J. Hudson, and M. W. Anthonly, Logistics 

increased by 40 percent to account for inflat 
^ ediustinq for inflation, were assumed 

Ce a $ 9 5040/day for a rail cask and $910/day for a truck 
cask. 

When shipping to multiple facilities, the average 

shipping distances are much smaller. This resu 
snipping i f1 pet requirements and 

considerable reduction m the cask fleet requi 

costs when compared with the case where a single storag 

facility is used (Table A.18) . Shipping casks were 

assumed not to cross any regional boundary 
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TABLE A.15 Transportation Distances and Costs of 
Shipping Spent Fuel to Regional Facilities Using Rail 
and Truck Casks 


Year 

Distance 

{mile x 
Rail 

m!l 

Truck 

Cost 
($ x 10' 

1986 

0.01 

0.15 

1.8 

1987 

0.01 

0.54 

5.3 

1988 

0.03 

0.43 

5.2 

1989 

0.03 

1.05 

11.1 

1990 

0.05 

0.93 

10.8 

1991 

0.07 

0.84 

10.9 

1992 

0.09 

1.26 

16.8 

1993 

0.13 

1.26 

19.2 

1994 

0.15 

1.01 

19.5 

1995 

0.22 

1.53 

28.3 

1996 

0.29 

1.70 

33.8 

1997 

0.32 

1.65 

35.0 

1998 

0.36 

1.98 

41.9 

1999 

0.46 

2.43 

51.4 

2000 

0.48 

2.29 

50.3 

2001 

0.61 

2.45 

62.4 

2002 

0.60 

2.72 

63.0 

2003 

0.65 

2.49 

63.9 

2004 

0.68 

2.94 

70.9 

TOTAL 

5.24 

29.65 

601.5 


multiple-facility runs. That is, a cask used to make 
shipments to the western storage facility would not be 
used to make any shipment to other facilities. If there 
is no further demand for this cask, it would stand idle. 
The large variation in transportation requirements for 
the various receiving facilities is a function of the 
particular set of reactors making shipments to that 
facility. 


Note on CostSensitivity : The most critical parameter in 
the cost equations is the average rail speed. The value 
used in these calculations for rail transport was 6 mph. 
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TABLE A.18 Transportation Distances and Costs of 
Shipping Spent Fuel to Regional Facilities Using 
Truck Casks Only 



Distance 

Cost 


6 

* , 6^ 

Year 

(mile x 10 ) 

($ x 10 ) 

1986 

0.19 

1.9 

1987 

0.65 

5.2 

1988 

0.75 

5.3 

1989 

1.43 

11.4 

1990 

1.43 

10.9 

1991 

1.55 

11.0 

1992 

2.21 

17.0 

1993 

2.52 

19.1 

1994 

2.51 

19.7 

1995 

3.61 

28.5 

1996 

4.40 

33.6 

1997 

4.65 

34.7 

1998 

5.41 

41.7 

1999 

6.77 

50.7 

2000 

6.68 

49.3 

2001 

8.07 

61.1 

2002 

8.16 

61.2 

2003 

8.41 

62.3 

2004 

9.26 

69.7 

TOTAL 

78.66 

594.3 


A change of a few miles per hour would have a major 
impact on rail transportation time and, hence, the number 
of casks required. Changing the average truck speed by 
about 5 mph, however, would only have a small impact on 
the number of truck casks required. With the data used 
for those calculations, truck transport is somewhat less 
expensive than rail transport. If the average rail speed 
was increased by 1 mph, the relative economics of truck 
and rail shipments would be narrowly reversed. At 7 mph, 
rail transport would be less expensive, especially for 
shipments over 300 miles, and therefore cask leasing 
costs would decline. 


APPENDIX B: 

Supplementary Comments on Chapter 5 

Frederick R. Anderson 
September 23, 1983 


I am taking the opportunity to file these supplementary 
remarks because in adopting the final version of Chapter 
5 on Institutional Issues the panel decided not to .analyze 
critically the Nuclear Waste Policy Act of 1982 (NWPA). 

The final report instead proposes that the Department of 
Energy adopt administrative implementation strategies for 
NWPA that rely primarily on informal mediation procedures. 
Yet to my mind the NWPA itself deserves a brief appraisal 
because it merely cements into place the decision-making 
process for waste management that was set in motion by 
the Carter Administration. When the panel last met, in 
the fall of 1981, its draft report was critical of the 
then basic federal approach. The same problems remain 
today with the new law. 

The pivotal phase of the NWPA process involves com¬ 
piling the inventory or list of final candidate sites. 
Because of the millenia of risk to future generations and 
the environment that waste "isolation" unavoidably will 
create, the inventory process should include an exacting 
comparison, based on numerous technical and social cri¬ 
teria, of a score of sites nationwide. This comparative 
benefit-risk analysis should be able to withstand the 
most withering public technical review. Yet the NWPA 
creates an informal site inventory process with a built-in 
risk that technical considerations will yield to social 
and political ones. Further, it provides only minimal 
public participation in the site inventory process. A 
formal Nuclear Regulatory Commission (NRC) hearing and a 
licensing decision do follow the President's designation 
of a final site, but these address only the specific site 
itself. They cannot explore the potential comparative 
superiority of other sites discarded along the way. Thus 
the site inventory procedure may well not meet the cri- 
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teria that the panel originally set out for evaluating 
institutional arrangements : the insulation of programs 
from changes in political administrations, a high degree 
of public confidence, an uncompromised mission of pro¬ 
tecting public safety, and effective public participation 
in decision making. 

Does differing with the NWPA approach amount to quar¬ 
reling with Congress over a policy difference that final 
enactment should have put to rest? I do not think so. 

If NWPA and its current implementation cannot satisfy the 
panel's institutional criteria, then our earlier delibera¬ 
tions deserve to be memorialized, because they may point 
the way both to better choices for implementing NWPA and 
to a sounder path for Congress to take if pressures mount 
in the coming years for a modification of the NWPA 
approach to site inventorying. 

To my mind the criteria that must take precedence over 
all others in site selection are geologic and technical 
integrity. Few federal decisions must pass such a stark 
test of time; the repository must remain intact for 
thousands of years. How can the best site be selected? 
Congress has answered with a statute that heavily empha¬ 
sizes agency expertise and discretion, with a nod to 
direct public participation and a bow to state interest— 
the federalism issue that so dominated the legislative 
history of the NWPA. The pre-NWPA process troubled the 
panel because it shielded the Department of Energy (DOE) 
and its predecessor agencies' site inventory from vigorous 
debate on the technical adequacy of agency studies. While 
enacted with improvements, the new Act still raises the 
same concerns, as does the manner in which the DOE has 
administered the Act in the immediate postenactment 
period. The pre- and post-Act experience leads me to 
conclude that the way to compile the best site inventory 
possible is to subject the inventory process to close 
public scrutiny in a more formal setting, which guaran¬ 
tees a meaningful opportunity to question federal data 
and conclusions. 

The pre-NWPA process initiated by the Carter Adminis¬ 
tration produced (1) a decision to place the final site 
in a bedded salt formation and (2) selection of seven 
potential site locations for the repository. The way in 
which these decisions were accomplished pre-NWPA empha¬ 
sized the model of informal decision making with primary 
reliance on agency expertise. In establishing criteria 
for selecting the seven sites, the DOE declined to adhere 
to the minimal public notice and comment requirements of 
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for 


the Administrative Procedure Act (APA), a statute that 
ordinarily ».t b. .atiaii.d b.for. . M "* 1 
adopt binding gnid.lin.a on losa.s of P«blid 
Nor did it feel obliged to comply at all with the impac 
Study) public comment, or alternative analysis require¬ 
ments of the National Environmental Policy Act ^EPA^ 
Believing that the NWPA merely ratified the 
site inventory process of the Carter P 1 "' “°® ha “ 

declined to reconsider both the qhoice of th 
initial sites and the criteria under which they 
selected. The Act §§112 (a) and (b) requires the appl 
cation of site-selection criteria that parallel the 
abandoned Carter approach but also impose material 
additional standards. Because the Act explicitly 
requires application of these criteria ( guidelines) 
all site selections, one might conclude that the Act 
required the DOE to begin anew. (The Act simply fails to 
address the status of the Carter criteria and selections.) 
Instead the current Departmental policy assumes that the 
new let' merely codifies selections made under the prior 
site inventory process, a policy that belies the claim 
that the Act adopts a new and comprehensive national plan 

f °\te)rr s “for fuller public input in the next two 
steps, nomination of five sites and Characterization 
(i e., detailed physical study) of three final candidate 
sites', likewise seems limited, as the DOE seeks to follow 
what Lt believes to have been Congress basic 
trust to Departmental discretion to compile the bent 
inventory possible in the shortest poss 

guideline-writing requirements imposed by NWPA §112 fo 
the nomination and characterization phases a ^®° 

elude full APA and NEPA compliance under current po y. 
The Department apparently feels that the maximum pro¬ 
cedural safeguards were spelled out m the Act by 
Congress, which did not intend for additional procedure 
to b) imposed . NWPA does require public hearings and 
other salutary procedures, but they are 

be read alongside other provisions that limit the scop 
of judicial review and of environmental assessmen.. 

To the criterion of geologic suitability must be 
joined the criterion of conformance to widely shared 
institutional norms. In the United States it is not 
enough merely to reach the right decision; it must be 
reached by the right process as well. This quintessen- 
tially political issue preoccupied the panel thr ° u ^ b ° u 
its existence, as well it should, since the panel was 
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stuSl£““Lr3 P08ed ° f S ° Cial SCientiSts and °ther 

aents of the governmental process Th«=> * 

relectinrf 1SSUeS ° f Wc^eStwT" 

. ^ a waste isolation strategy. The flavor 

eliberations still permeates the report Yet the ° Ur 

I aor«o U ih '~‘ t bettec accomplish the task. 

I agree that every effort should be turned to makina 

DOE has } e91slation work - B “t I also believe that the 9 
,-h f eWay Wlth n NWPA to strengthen the public role 

the a^^t^ir^rSltl^urred 

cc*^ 

agency use of the latitude conferred by the APA to create 

SS 5 

support for the NWPA process weakens.^h^s toe reasons 
for the panel's earlier endorsement of a formal site- 

brief ° rY ^? 9 p f ocess deserve a few more words than the 
brief mention m our final report. 

In its draft of final Chapter 5 (Institutional Issues) 

Srchannelina'-^ 6 Pan61 addressed how the American system 
of channeling interest groups should be applied to the 

bega^wit^th 6 ° f nUClear ener 9y development. The panel 

the 9 friers of %IT* ^ Pr ° blem that c °ufronted 
of the Constitution required more political 

Federalist^ *?*'<**** ° f P°Pular participant In 

of libetov Madison ar 9 ued that the conditions 

f liberty made inevitable the formation of "factions"— 

P “• >»«”“ 

constitutional n r l Ca a- SYStem - Madison defended the 
federl and si ? dls tributing authority to both 

separation of 9 ° vernments the ground that this 
oo?! at ? f P° wers would permit freer play to the 

The framers concern extended to the actual structure 

and 9 ba V r nraent a al b0<UeS ' The ^^Iting system of toe^s 
and balances distributed power among the three branches 
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of federal government as well as between the federal and 
state governments and provided different groups with 
different access to decision-making power on different 
kinds of issues. The elaboration of means of brokering 
the power of numerous "factions" became the greatest 
achievement of our political system in the ensuing 200 
years. Sophisticated institutional mechanisms for 
interest group participation in modern federal agency 
decision-making processes are but the latest means to 
promote the Madisonian vision. 

Madisonian goals seem to be well served by the NWPA so 
far as a federal-state conflict is concerned. The concern 
for state "consultation and concurrence" dominated the 
congressional debate on the Act. It produced, to name 
the salient features, a state veto, federal funding for 
intervention, the two-house override, final site selection 
by the President who can again take state interests into 
account, and federal construction impact mitigation 
payments. 

The same, however, cannot be said for the way the Act 
handles the other factions in society that have organized 
on the issue of nuclear power but are not adequately 
represented by state governments. They are not ensured 
adequate formal participation in the site inventorying 
process. Formal participation at the subsequent NRC 
adjudicatory hearing, after the site has been selected, 
precludes public questioning of the relative merits of 
alternative sites in different parts of the nation. To 
most groups this is a key issue. I do not think Madison's 
insight will be well served in the 1980s by assuming that 
the states will represent affected interest groups 
adequately in the site-inventorying phase or that public 
groups will be content to help make the NWPA work through 
mediated informal participation. 

The core of the problem is the NWPA itself. The Act 
vests the Department of Energy with considerable decision¬ 
making leeway regarding the geologic formations to be 
examined, the states and communities in which candidate 
sites are to be identified, the technical expertise on 
which the Department will draw, the weight to assign to 
the selection criteria (e.g., long-term geologic 
stability), the procedures to be followed in preliminary 
screening, the specificity of screening criteria, and a 
range of other managerial choices. Sometimes such 
flexibility is desirable, because it allows a fact-finding 
agency to proceed informally; to reschedule key steps in 
its decision process; to select quickly and freely among 
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appropriate methodologies, experts, and data-collection 
techniques; and to turn to outside information sources as 
the agency requires them. Yet I believe that this broad 
discretion is incompatible with the social choices 
involved in selecting a site for a radioactive waste 
repository. 

As the number of interested parties and the intensity 
to conflict mount in the federal system, Congress ordinar¬ 
ily specifies increasingly formal decision-making pro¬ 
cedures, which, if they function properly, will increase 
the likelihood that fact-finding will be rigorously 
conducted, that relevant affected interests will become 
involved, and finally that better choices will be made. 
Compared with other major federal decision models avail¬ 
able for repository site selection, the Act is deficient 
in such procedural safeguards. 

The Act's procedures seem to be modeled on Congress' 
usual approach to federal agency decision making for the 
public lands. When the federal government manages land, 
it is in a sense operating a business, granting noncom¬ 
petitive permissions, and dispensing federal largesse 
(e.g., grazing permits, timber contracts, military con¬ 
struction contracts). But in selecting a site for a 
radioactive waste repository, the federal government must 
umpire an intense dispute involving an array of interested 
parties reflecting sensitive concerns about the state- 
federal balance, health and safety considerations, damage 
to environmental or aesthetic values, local social and 
economic dislocation (or benefits), and the moral and 
political implications of subjecting present and future 
populations to long-term risks. 

In the past decade, through such generic legislation 
as the NEPA, the Federal Land policy and Management Act 
(FLPMA), and the National Forest Management Act, Congress 
has attempted to check the wide discretion enjoyed by the 
federal resource management agencies. Some of these 
reforms are reflected to a limited extent in the NWPA, 
and others may indirectly influence how the Department 
conducts the inventory of repository sites. One cannot 
expect major change, however, because the NEPA impact 
statement process and the land-use planning process of 
FLPMA have not in general sufficed to ensure the devel¬ 
opment of adequate factual bases for potential adverse 
socioeconomic effects (these sections of impact state¬ 
ments on nuclear power plants are notoriously weak) nor, 
with licensing, to foster broad and effective public 
involvement. Evidence on this point is available in a 
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f th * rd major decision-making approach sometimes 
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cation of the procedures, a written public record of 

Se l sc!^t“icTt tUnlty f ° r PUbUC examination of both 
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inventorying process. The approach would enta ^ ^ 
selection of an initial inventory of 6 
nl]a i ified and finally certified sites, appropriately 
spread among the major regions of the country, through a 

formal hearing and decision process. n ‘id be strictly 
quibble about whether this process should be stric ly 
formal or "hybrid" with informal elements and whether 

should be labeled "adjudication" or "rule “Ltive policy 
orefer the latter because of the quasi-legislative pol y 

torv! The panel majority supporting this new approach 

had a slight preference for vesting ^ 

in the existing NRC, perhaps with a simplif 

improved general mandate to conduct 

This would be consistent with nrc s oveiax 

would avoid the creation of a new institution Some 

panel members, however, saw advantages tolo<la g 

site-selection decisions outside of existing mstit 

t ions ^thereby affording greater protection against the 

‘rrjrobScSvM'oi f- 

ing a wider and coordinated search for viable geologic 

(it will still require an NRC license ana i-re 

aPE Te a de;iding body-NRC or a new commission--would 
provide a formal, written decision 3 us tifying its fi 
list of six to ten regionally dispersed sites. The 
deliberations would require reopening the process of 
identifying candidate sites and for se ec ing 
a complete candidate inventory. It would al«^ involve 
detailed attention to the characteristicsof the overa 
waste transport and isolation system as they 

the selection of a ssure°full comparabil- 

comprehensive approach would be to ass 
ity of sites and interregional equity. 

Such a site-selection decision process have the 

virtues of greater insulation from changing administra 
Lons in the selection and banking of certified sites, 
increased public confidence in the intrinsic fairness and 
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due process of the proceeding, an absence of conflict of 
interest in the mission of protecting public safety in 
the selection of sites, a greater potential for sponsoring 
public participation, and a greater potential for produc¬ 
ing enduring site-selection decisions. 

The final report adopts a diffident on-the-one-hand, 
on-the-other-hand tone toward the adversarial process. 
Conciliatory and mediatory approaches are offered as an 
alternative. I rather suspect that the majority of the 
panel warmly approves of this approach and shares in the 
current society-wide lament that we are a contentious 
people and that we reflexively turn to the courts—flawed, 
expensive, and overloaded vessels though they be—to 
resolve our differences, no matter how large or small. 

Yet I want to make clear my preference for use of formal 
adversarial proceedings where strong held views divide 
public opinion, where factual issues permeate the issue 
to be resolved, where granting interest groups a legal 
right to direct participation would stimulate better 
agency documentation of its preferred course of action, 
and where legal institutions such as cross-examination 
may help to expose flawed technical studies or flush out 
political decisions masquerading as the product of the 
application of agency expertise. 

Mediated informal dispute resolution offers bright 
prospects in some areas, e.g., local land-use conflicts 
and hazardous waste site cleanup under the federal 
Superfund. I am a warm advocate of mediation in such 
circumstances. Further, on a more general level, all who 
use our institutions for conflict resolution could 
promote comity by adopting a conciliatory attitude and a 
mutual willingness to reduce the field of conflict. But 
this.is just common sense. [See, e.g., Roger Fisher and 
William Ury, Getting to Yes (Boston, Mass.: Houghton 
Mifflin ir 1981) ] . When the differences are sharp and the 
stakes high, more formal adversarial procedures must be 
employed. The site inventory deserves no less. 
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